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(54) Method for making thin film semiconductor, solar cell, and light emitting diode 



(57) The present invention provides new and 
improved methods for making crystalline semiconductor 
thin fBms which may be bonded to different tends of sub- 
strates. The thin fflms may be flexible. In accordance 
with preferred methods, a multi-layer porous structure 
including two or more porous layers having different 
porosities is formed in a semiconductor substrate. A 
semiconductor thin film is grown on the porous struc- 
ture. Electrodes and/or a desired support substrate may 
be attached to the grown film The grown film is sepa- 
rated from the semiconductor substrate alone a fine of 
weakness defined in the porous structure. The sepa- 
rated thin film attached to the support substrate may be 
further processed to provide improved fflm products, 
solar panels and fight emitting diode devices. These thin 
film semiconductors are excellent in crystalfinity and 
may be inexpensively produced, thereby enabling pro- 
duction of solar cells and light emitting diodes at lower 
cost 
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Description 

Cross-Reference to Related Application 

This application is a Continuation-ln-Part of com- s 
monly assigned copending U_S. patent application. 
Serial No. 03/595.382. filed February 1. 1996. 

Background of the Invention 

10 

The present invention relates to a process for pro- 
ducing a thin f 3m semiconductor, a solar celt, and a light 
emitting diode More particularly, it relates to a method 
for forming a semiconductor film layer on a substrate 
having a plurality of porous layers defined therein hav- 75 
ing controlled and Offering relative porosities. 

As the material of the solar cell, various materials 
have been studied. Silicon, tor which there are abun- 
dant reserves and which is free -from apprehension of 
pollution, is the center of these .efforts. Ninety percent or 20 
more of the amount of production of solar cells in the • 
world are silicon scfar cells as well. The tasks in solar 
cells are how to achieve a low cost a high efficiency of 
conversion of light to electricity, a high reliability, and a 
small number of years for energy recovery. For the 25 
requests for high conversion efficiency and high reliabil- 
ity, single crystal silicon is most suitable, but it is difficult 
to fabricate single crystal silicon at a low cost There- 
fore, at present in the field of solar cells* particularly 
solar ceOs having a large surface area, active research 30 
and development is proceeding on solar cells using thin 
film polycrystaJline silicon or thin fflm amorphous silicon. 

In a thin film poIycrystaJfine Si solar cell the purity 
of the silicon is raised by refining techniques from metal 
class silicon using plasma or the like. An ingot is pre- 3S 
pared by a casting process, and a wafer is prepared by 
a multi-wire or other high speed slicing technology. 
However, process for removing the boron and phospho- 
rus from the metaJ dass silicon, the preparation of an 
ingot of a good quality crystal , by a casting process, &c 
enlargement of the surface area of the wafer, and a 
mutti-wire or other high speed slicing technology require - 
a very high grade of technology, so a substrate which is 
sufficiently cheap and has a good quality has not yet 
been fabricated at present Further, the film thickness of . as 
the wafer is approximately 200 fim, therefore a flexible 
substrate cannot be formed. 

Amorphous silicon can be formed on the surface of 
a plastic substrate by a CVO (chemical vapor deposi- 
tion) process. Therefore, it is possible to form flexible sc 
thin film amorphous silicon. As a result, solar cells hav- 
ing a wide range of applications can be formed. How- 
ever, there are drawbacks in that the conversion 
efficiency is lower than that of the polycrystaJIine silicon 
and single crystal sfBcon. and the conversion efficiency 55 
d teriorates during use. 

Single crystal silicon offers the promise of a high 
conversion efficiency and a high reliability. Thin film sin- 
gle crystal silicon can be fabricated by the SOI (Silicon 



On Insulator) technique, which is a manufacturing tech- 
nique of integrated droits etc.. but the productivity is 
low. Using the SOI technique, the manufacturing cost 
becomes considerably high, this is a problem in applica- 
tion to a low cost solar cell. Further, the processing tem- 
perature in the preparation of single crystal silicon is 
relatively high, so it is difficult to form this on a plastic 
substrate or glass substrate having a low heat resist- 
ance. Since rt is difficult to form single crystal silicon on 
a plastic substrate, the manufacture of flexible thin film 
single crystal silicon is difficult 

When constructing window glass equipped with 
solar cells, in other words, solar cells are arranged on a 
surface of a window glass, solar cars with solar cells 
arranged on the roof. etc. the use of a flexible solar cell 
is desirable from the viewpoint of the simplification of 
the manutacture and the ease of rational arrangement 
for enlarging the light receiving surface. Nevertheless, 
the only semiconductor silicon which can be used to 
mate the flexible solar cells at the present time is amor- 
phous silicon. 

Summary of the Invention 

The present invention provides a method for mak- 
ing a thin film semiconductor with which a thin fUm sem- 
iconductor, for example, thin film single crystal silicon, 
can be reliably produced on a mass production basis. 
Therefore, a reduction of cost can be, achieved and 
processes for producing a solar cell and a light emitting 
diode with which a solar cell having a high opto-electric 
conversion efficiency can be reliably and easily pro- 
duced at a low cost. 

In an embodiment the present invention provides a 
process for producing a solar ceil with which the termi- 
nal of the solar cell can be easily and reliably led outside 
with a low resistance. 

In an ernbodirnent, a new and improved method for 
making a thin film semiconductor is provided comprising 
the steps of providing a semiconductor substrate having 
a surface. The surface portion of the substrate is treated 
in at least one anodization process to define a plurality 
of porous layers having varying degrees of porosity 
adjacent the surface. In a preferred embodiment, the 
substrate is anodized in a first anodization step at a first 
current density to provide a first porous layer adjacent 
the surface having a first porosity. A second anodization 
step is performed at a second, higher current density to 
provide a second porous layer adjacent the first porous 
layer opposite the surface having a porosity greater than 
the first porosity. The difference in porosity between the 
fust porous layer and the second porous layer provides 
an inherent line or zone of relative weakness located in 
the second porous layer or at or adjacent to the inter- 
face between the first porous layer and the second 
porous layer. The fine of weakness or fragility intro- 
duced by the strain caused by the difference in the lat- 
tice constants of the adjacent porous layers permits 
separation of the surface layer and any film grown ther- 
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eon from the remainder of the second porous layer and 
the substrate. In an especially preferred embodiment, a 
third anodrzation step at a third higher current density is 
performed to define third porous layer having a third 
porosity higher then the second porosity. The third 5 
porous laye/ is disposed within the second por us layer 
or adjacent to the second porous .layer. In accordance 
with this embodiment, a relative line of weakness is 
defined by the third porous layer or at or adjacent an 
interface formed between the third porous layer and the id 
second porous layer. After a plurality of porous layers 
are defined adjacent the surface of the substrate, at 
least one semiconductor film layer is formed on the first 
porous layer and surface. Thereafter, the semiconduc- 
tor fflrn is separated from the semiconductor substrate is 
along the line of relative weakness to provide a thin film 
semiconductor product- 
According to the present invention, a thin film sem- 
iconductor cs prepared by a changing a surface of a 
semiconductor substrate to form a porous structure 20 
comprising two or more porous layers having different 
porosities; growing a semiconductor film on the surface 
of the porous structure; and separating, removing 
and/or peeling the semiconductor film from the semi- 
conductor subs tr a t e in a controlled or directed manner 2s 
along the line of weakness created in the porous struc- 
ture layers. 

Further, in the process for producing a solar ceJI 
according to the present invention, a solar cell is pro- 
duced by method comprising the steps of changing the 30 
surface of a semiconductor substrate to form a porous 
structure comprising two or more porous layers having 
different porosities; epitaxtally growing a semiconductor 
film comprising multiple layers constituting the solar cell 
on the surface of this porous layer ; and peeling or other- ss 
wise separating the multilayer epitaxial s em iconductor 
film from the semiconductor substrate along a line of 
weakness defined in the porous structure layers. 

Furthermore, in a process for producing a light 
emitting diode according to the present invention, the <c 
light emitting diode is prepared by a method comprising 
the steps of changing the surface of a serruconductor 
substrate to form a porous structure layer comprising 
two or more porous layers including a first porous layer 
constituting a light emitting portion and a second porous *5 
separation layer, having a higher porosity, disposed 
beneath the light emitting portion and thereafter, peeling 
or separating the light emitting portion from the semi- 
conductor substrate along the line of weakness defined 
in the separation layer of the porous structure. so 

As mentioned above, according to the process of 
the present invention, the semiconductor substrate sur- 
face per se is changed to form the porous layer, a sem- 
iconductor film is formed on the substrate by epitaxial 
growth, and this semiconductor flm is peeled from the 55 
semicondtictor substrate by breakage in the porous 
layer or at an interlace with the porous layer, thereby the 
intended thin film semiconductor or solar cell is 
obtained. Accordingly, the epitaxially grown semicon- 



ductor film can be formed with any sufficiently thm thick- 
ness. Further, the peeftng of the thin flm seniconductor 
from the substrate can be reftabty carried out by appro- 
priately selecting the strength of the porous layer, tor 
example, by th selecting the porosity in the porous 
layer. As described abov , according to the present 
invention, a thin film semiconductor can be obtained 
with any sufficiently thin thickness with a good yield. 
Further, in the production of solar cells, a solar cell hav- 
ing a sufficiently high optoelectric conversion efficiency 
can be formed for the reasons that the active portion to 
be constituted by this epitaxial film can be constituted 
sufficiently thin and it can be formed by the single crys- 
tal thin film semiconductor layer, which is eprtaxially 
grown. Further, since it is now possible to provide a flex- 
ible structure, various applications, for example, appli- 
cations tor window glass equipped with solar cells, solar 
car, etc. become easier to produce. 

Further, in the fight emitting diode embodiment 
according to the present invention, a supertattice struc- 
ture can be formed by the porous layers having different* 
porosities and therefore an kTprcvement of the light 
emitting efficiency can be achieved. 

Other objects and advantages of the present inven- 
tion will become apparent from the following Detailed 
Description of the Preferred Embodiments taken in con- 
junction with the drawings, in which: 

Brief Description of the Drawings 

Fig. 1 is a schematic side elevation view of an 
example of an anodizing device for working the 
present invention; 

Figs. 2(a) - 2(c) are cross-sectional views illustrat- 
ing the sequence of steps for forming a porous 
structure on a semiconductor substrate in accord- 
ance with an embodiment of the method of the 
present invention; 

Figs. 3(a) - 3(d) are cross-sectional views illustrat- 
ing the steps of growing an epitaxial semiconductor 
film, bonding a structural support to the semicon- 
ductor film, separating the semiconductor f flm from 
the semiconductor substrate along a line of weak- 
ness defined in The porous layer structure to provide 
the separated semiconductor film product; 
Figs. 4(a) - 4(d) are cross -sectional views illustrat- 
ing the steps for forming a second porous structure 
in accordance with an alternate embodiment: 
Figs. 5(a) - 5(b) are cross-sectional views illustrat- 
ing the steps of growing a semiconductor film on 
the porous structure of Figs. 4(a) - 4(d) and sepa- 
rating the semiconductor film from the semiconduc- 
tor substrate; 

Figs. 6(a) - 6(e) are cross-sectional views illustrat- 
ing the sequence of steps for forming a multilayer 
porous structure in accordance with a third embod- 
iment of the invention; . 
Figs. 7(a) - 7(b) are cross-sectional views illustrat- 
ing the steps of forming a semiconductor film on the 
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porous structure prepared in Figs. 6(a) - 6(e) and 
separating the semiconductor film from the semi- 
conductor substrate; 

Figs. 8(a) - 8 (f) are cross-sectional views illustrat- 
ing another embodiment of the process for forming £ 
a multilayer porous structure on a semiconductor 
substrate, forming a semiconductor film on the 
porous structure and separating the semiconductor 
film from the semiconductor substrate; 
Figs. 9(a) - 9(d) are cross-sectional views aiustrat- to 
ing another embodiment of the method of the 
present invention for forming a muttflayer porous 
structure on a semiconductor substrate; 
Figs. 10(a) - 10(d) are cross-sectional views illus- 
trating formation of a multilayer semiconductor film 75 
on the porous structure shown in Figs. 9(a) - 9(d) 
and separating of the multilayer film from the semi- 
conductor substrate; 

Figs 1 1(a) ^ 11(c) are cross-sectional views illus- 
trating formation of a multilayer porous structure on so 
a serrsconduclor substrate: 
Figs. 12(a) - 12(b) are cross -sectional views illus- 
trating formation of a multilayer semiconductor film 
on the porous structure shown in figs, 11(a) -11(c) 
and formation and patterning of an insulating layer 2S 
thereon to define contact holes, respectively: 
Figs. 13(a) - 13(b) are cross-sectional views illus- 
trating formation of electrodes in the contact holes 
of the substrate prepared in Fig. 1 1 (c) and attach- 
ment of a printed circuit board substrate to the elec- jo 
trodes and semiconductor substrate, respectively; 
Figs. 14(a) - 14(b) are cross-sectional views illus- 
trating separation of the created solar panel struc- 
ture from the semiconductor substrate and 
attachment of a rear side metal electrode, respec- 25 
tivery: 

Figs. 15(a) - 15(d) are cross-sectional views illus- 
trating formation of a multilayered porous structure 
in a semiconductor substrate: 

Figs. 16(a) ~. 16(b) arc cross-sectional views fllus- «o 
trating formation of an eprtaxiafty grown semicon- 
ductor thin film on the porous substrate of Fig. 1 5(d) 
and separation of the semiconductor thin film from 
the semiconductor substrate* respectively; 
Figs. 17(a) - 17(e) are cross-sectionaJ views illus- <s 
trating formation of another porous structure on a 
semiconductor substrate, and formation of an epi- 
taarially grown semiconductor thin film thereon; 
Figs. 18(a) - 18(e) are cross-sectional views illus- 
trating formation of another porous structure on a so 
semiconductor substrate and formation of a thin 
film semiconductor thereon: 
Figs. 19(a) and 19(b) are cross-sectional views 
illustrating formation of an electrode structure on 
the semiconductor thin film and attachment of con- 55 
ductor members and a transparent substrate to th 
solar panel panel structure, respectively; 
Figs. 20(a) - 20 (b) are cross-sectional views illus- 
trating separation of the solar panel structure from 



the semiconductor substrate and attachment o1 a 
back electrode, respectively; 
Figs. 21(a) - 21(c) arc side elevation views of a plu- 
rality of solar panel structures showing the method 
of the present invention through an intermediate 
stag bfforrnati n; 

Figs 22(a)- 22(b) are side elevation views illustrat- 
ing the method showing the completion steps for 
the solar panels being prepared in Figs. 21(a) - 
21(c); 

Ftg. 23 is a schematic axes -sectional view of a 
micrograph of a principal part of a porous layer in 
the process of the present invention shown in 
cross-section before heat treatment; 
Fig. 24 is a schematic cross-sectional view of a 
micrograph of the principal part of the porous layer 
in the process of the present invention after heat 
treatment 

Figs. 25(a) - 25(e) are cross-sectional views fllus- 
trating formation of a hetero junction and porous 
structure in a semiconductor substrate in accord- 
ance with an errtxxJiment of the method for making 
a fight emitting diode of the present invention. 
Figs. 26(a) - 26(d) are cross -sectional views illus- 
trating the steps of attaching electrodes and a sup- 
port substrate and separating a diode substrate 
from the semiconductor substrate in accordance 
with an embodiment of the invention; 
Figs. 27(a) - 27(c) are cross-sectional views illus- 
trating the further steps of attaching a second array 
of electrodes and a second support substrate in 
accordance with an embodiment of the invention; 
and 

Fig. 28 is a process diagram of another embodi- 
ment of the process of the present invention 
(fourth). Fig. 28A and Fig. 28B are sectional views 
of the process. 

Detailed Description of the Preferred Ernbodiments 

In accordance with an embodiment of the present 
invention, the surface of a semiconductor substrate may 
be changed by anodization to form a porous structure 
comprising two or more porous layers, each having dif- 
ferent porosities. Then, a semiconductor film is epitaxi- 
al! y grown on the surface of this porous layer. 
Thereafter, this epitaxial semiconductor film is peeled or 
separated from the semiconductor substrate along a 
fine of weakness formed in the porous structure to pro- 
duce the intended thin film semiconductor. 

On the other hand, the remaining semiconductor 
substrate may be repeatedly used for the production of 
the above thin film semiconductor. Further, this semi- 
conductor substrate per se, which becomes thin due to 
the repeated use, can be used as the thin film semicon- 
ductor. 

In the step of forming the porous layer, a low poros- 
ity layer is formed in the surface of the substrate. There- 
after, a high porosity layer ts formed beneath an 
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interface (in the present specification, the interlace of 
the semiconductor substrate means an interface 
between the semiconductor substrate, which is not 
made porous, and the porous layer) between the low 
porosity layer and the semiconductor substrate. 5 

Further, in the step tor forming the porous layer, for 
example, a low porosity layer in the surface of the sub- 
strate, an intermediate porosity layer formed beneath 
the low porosity layer, having a higher porosity than that 
of the surface layer, and a high porosity layer formed in 10 
this intermediate porosity layer or beneath the interme- 
diate porosity layer, having a higher porosity than that of 
the intermediate porosity layer can be formed. 

The porous layer can be formed by anodization. 
This anodization process comprises at least two or is 
more steps conducted with different current densities. 
Accordingly, in the anodization process, a step for ano- 
dizing the surface of the semiconductor substrate with a 
lower cunent density and a step for anodizing the same 
with a higher current density thereafter are adopted. 20 

For example, in the anodizatioa it is possbte to 
adopt a step for anodizing the surface of the semicon- 
ductor substrate with a low current density; a step for 
further anodizing the same with an intermediate low 
current density slightly higher than this low current den- 25 
srty; and a step for further anodizing the same with a 
higher current density than this. 

Further, in the anodization with a high current den- 
sity, ft is possible to intermittently pass a cunent with a 
high current density. 30 

Further, in the anodization with the intermediate low 
current density, the current density thereof can be grad- 
ually increased. 

Further, the anodization can be performed in an 
electrolytic solution containing hydrogen fluoride and 35 
ethanol or in an electrolytic solution containing hydro- 
gen fluoride and methanol. 

Further, in the anodizing step, the composition of 
the electrolytic solution can be changed when the cur- 
rent density is changed. 40 

After forming the porous layer, the layer is prefera- 
bly heated in a hydrogen gas atmo^ahere. Further, after 
forming the porous layer and before the heating step in 
the hydrogen gas atmosphere, preferably the porous 
layer is thermally oxidized. 45 

Various shapes of the semiconductor substrate can 
be used for the present invention. For example, it can be 
shaped as a wafer, that is t a disk, or a column-like ingot 
having a curved surface obtained from a pulling up of a 
single crystal. so 

The semiconductor substrate can be constituted by 
various serrnconductor substrates such as a single crys- 
tal substrate of silicon Si. an Si polycrystaJline substrate 
in certain cases, or a compound semiconductor sub- 
strate, for example, a GaAs single crystal. A Si single 55 
crystal substrate is preferably used forth production ot 
an Si single crystal thin film and a solar cell by an a sin- 
gle crystal thin film 

Further, an n-type or a p-type impurity-doped semi- 
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conductor substrate or an intrinsic semiconductor sub- 
strate can be used. For anodzatkxi of the present 
invention, a semiconductor substrate having a low 
resistance doped with a p-type impurity at a high con- 
centration, i.e.. a so-called p+-type Si substrate, is 
desirably used. As a p-t-type Si substrate, an Si sub- 
strate, in which boron, 6. a p-type impurity, is doped to 
about 10 19 atoms/cm 3 and having a resistance thereof 
of about 0.01 to 0.02 n cm. can be used. When the p+- 
type Si substrate is ancdized, thin and long fine pores, 
extending in a vertical direction generally perpendicular 
to the surface of the substrate, are formed. In the anodi- 
zation process, the substrate is changed to form a 
porous layer white maintaining its crystallinrty. therefore 
a desirable porous layer is formed. 

As mentioned above, the semiconductor film is epi- 
taxiaPy grown on the porous layer while maintaining its 
crystallinrty. Due to this, it is possible to constitute the 
single crystal semiconductor film. Further, when con- 
dructjng a solar cell or other devices, the grown semi- 
conductor film may comprise a multi-layer* 
semiconductor film. 

According to the present invention, the semicon- 
ductor film eprtaxiany grown on the porous layer is sep- 
arated from the serrnconductor substrate through a 
directed fracture of the porous layer. Prior to peeling or 
separation, a support substrate comprised .for example, 
a flexible plastic sheet can be bonded onto the semicon- 
ductor film as a support substrate, The semiconductor 
fUm can be peeled from the semiconductor substrate 
together with the support subs t rate via the porous layer 
formed on this serra conductor substrate. 

This support substrate is not limited to a flexible 
sheet For the support substrate, it is possible to use a 
glass substrate, a resin substrate, or a flexible or rigid 
transparent printed circuit board to which desired 
printed interconnections are applied. 

In the surface of the semiconductor substrate, two 
or more porous layers having different porosities are 
formed. The first porous layer of the outermost surface 
is preferably formed as a dense porous layer which has 
a relatively small porosity to provide improved growth of 
an epitaxial semiconductor f 3m on this porous layer. By 
forming a second porous layer having a relatively high 
porosity spaced inwardly, adjacent to the surface of the 
substrate and first porous layer, the mechanical strength 
foils due to the high porosity of the second layer itseff, or 
erpressed differently, the bond between the first and 
second porous layers becomes fragile due to the strain 
caused by the difference of the lattice constants of each 
of these layers. Oue to this, the peeling of the epitaxial 
semiconductor film, that is, separation, can be easily 
earned out via the high porosity layer. For example, it 
becomes also posstole to form a porous layer which is 
so weak thai it can be separated by ultrasonic irradiation 
and excitation of the substrate. 

The high porosity layer formed is easier to peel 
because of the larger the porosity thereof, but if this 
porosity is too large, breatage in the high porosity layer 
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may occur before the peeling step of the semiconductor 
film on the porous layer. Therefore, the porosity in this 
high porosity layer is preferably made 40 percent to 70 
percent 

Further, with the increasing of the porosity, the s 
strain becomes large, If the influence of this strain 
becomes larger in the surface layer of the first porous 
layer, cracks may occur in the surface layer. Further, if 
the influence of the strain reaches up to the surface of 
the porous layer, crystal defects may be caused in the to 
semiconductor film eprtaxially grown on the porous 
layer. Therefore, in the porous layer, an intermediate 
porosity layer, having an intermediate porosity which is 
higher than thai of the surface layer, but lower than that 
of the high porosity layer, is preferably formed between is 
the high porosity layer and the surface layer. In this 
case, the intermediate porosity layer can be a buffer 
layer for relieving the strain. Accordingly, the porosity of 
the high porosfty layer can be made large enough so 
that the peeling of the epitaxial semiconductor film can zo 
• be reliably earned out Additionally, an epitaxial semi- 
conductor film .which is excellent in crystalHnity. can be 
formed on the porous layer. 

The anodization. for changing the surface of the 
semiconductor substrate to form a porous layer, can be 25 
performed by a wen Known method. For example, a dou- 
ble cell method shown in Ho et a).. "Surface Technol- 
ogy', vol 46. na 5. pp. 8 to 13. 1995 (Anodization of 
Porous SO is applicable. A schematic structural view 
shown in Fig. 1 is used for the double cell method. In jo 
this method, an electrolytic solution cell 1 having a first 
and second cells 1 A and 1 B is used. Thwemiconductor 
substrate 1 1 , on which the porous layer is to be formed, 
is arranged between the two cells 1 A and 18. Two plati- 
num electrodes 3A and 3B connected to a DC current ss 
source 2 are arranged between the first and second 
cells 1 A and 1 B. In the first and second cells 1 A and IB. 
an electrolytic solution 4 corrtairs, for example, hydro- 
gen fluoride HF and ethanol C2H5OH or hydrogen fluo- 
ride HF and methanol CH3OK The semiconductor 40 
substrate 11 is arranged so that its two surfaces are in 
contact with me,«lectrdytic:solution 4 in the first and 
second cells 1A and 1B. The two platinum electrodes 
3A and 38 are arranged immersed in the electrolytic 
solution 4. Then, a current is supplied between the two <s 
electrodes 3A and 3B by the DC current source 2 using 
the electrode 3A as a cathode. The current is supplied 
so as the surface of the semiconductor substrate 1 1 fac- 
ing the electrode 3A is corroded and becomes porous. 

According to this double cell method, it is unneces- so 
sary to" coat an ohmic electrode on the semiconductor 
substrate and introduction of the irrpurrties into the 
semiconductor substrate from this ohmic electrode is 
avoided. 

The struaure of th porous layer can be changed ss 
by s lecting the conditions in the anodization process, 
whereby the ayslallirrity of the semiconductor fim. to be 
formed, on the porous layer and the peeling property 
chang . 



In the cw o c esb of the present invention, as men- 
tioned abov , a porous layer corrprtsing two or more 
layers having different porosities is formed. In this case, 
a mutti-step anodizing method comprising two or more 
steps conducted by different current densities is used. 
More specifically, to prepare a relatively dense, low 
porosity layer having small fine pores in the surface of 
the semiconductor substrate, the first anodization step 
c> applied with a lower current density. The fflm thick- 
ness of the porous layer is proportional to the current 
supply time, therefore, in this step, the anodization time 
is selected to form a desired film thickness. Thereafter, 
second anodization is carried out with a higher current 
density so as to form a high porosity layer beneath the 
low porosity layer formed. As a result, a porous layer 
comprising at least a low porosity layer having a lower 
porosity and a high porosity layer having a higher poros- 
ity is formed. 

In this case, a large strain may occur near the inter- 
face between the low porosity layer and the high poros- 
ity layer due to the difference of the lattice constants. 
When this strain reaches a certain value or more, the 
porous layers separate into two. Accordingly, by forming 
the porous layers under anodizing conditions below and 
near the critical condition which causes the separation 
due to the strain or the lowering of the mechanical 
strength, the serni conductor film eprtaxially grown on a 
porous layer can be easily separated via the porous 
layer. 

The first anodization step can be carried out with 
the lower current density of about 0.5 to 10 mA/cm2 for 
a period of about 1 to about 60 minutes, preferably 2 to 
20 minutes, by using a p-type silicon single crystal sub- 
strate of 0.01 to 0.02 ftan and a ratio of HF (49% solu- 
tion) and C2H50H (95% solution) of 1:1 (volume ratio) 
(hereinafter, HF and C2HSOH indicates the volume 
ratio in the 49% solution and 9S% solution, respec- 
tively). Further, the second anodization can be carried 
out with a higher current density of about 40 to 300 
mA/cm2 for a period of about 1 to 10 seconds, prefera- 
bly a time of approximately 3 seconds. 

In the first and second anodization steps, the strain 
caused in the high porosity layer may become consider- 
ably large, therefore the influence of this strain may 
reach up to the low porosity layer. In this case, as men- 
tioned above, the crystal defects may be introduced in 
the epitaxial semiconductor film formed on the porous 
layer. Therefore, in the porous layer, an intermediate 
porosity layer, having a higher porosity than the surface 
layer, but a lower porosfty than thai of the high porosity 
layer, is preferably formed between the low porosity 
layer and the high porosity layer, as a buffer layer for 
relieving the strain generated by them. More specifically, 
a first anodization with a lower current density is carried 
out at first, a second anodization of a slightly higher cur- 
rent density than that in the first anodization is carried 
ut, and then a third anodization is carried out with a 
considerably higher current density than them. The con- 
ditions of the first anodization are not particularly finv 
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ited. but when a p*type saHcon single crystal substrate of 
0.01 to 0.02 Ocm is used and an electrolytic solution of 
HFrC^HsOH = 1:1 is used as the electrolytic solution, 
preferably the first, second and third anodization can be 
carried out with a current density of about 0-5 to 3 5 
mA/cm2. 3 to 20 mA/cmZ and 40 to 300 mA/cm2. 
respectively. For example, when the anodization is car- 
ried out wrth a current density of 1 mA/crrC 7mA/cm2, 
and 200 nWcm2, the porosity becomes about 16%; 
26% and 60 to 70%, respectively. According to the 10 
above mentioned method, the semiconductor layer hav- 
ing good crystallinity can be eprtaxially grown on the 
porous layer. 

Further, in the anodization process, the intermedi- 
ate porosity layer can be formed beneath the lew poros- is 
rty layer while the porosity of the low porosity layer is 
held as it is. Accordingly, the parous layer becomes a 
two-layer structure of the low porosity layer and the 
intermediate porosity layer. Further, in the third anodiza- 
tion step, if the current density is selected about 90 20 
mA/cm2 or more, a high porosity layer is formed within 
the intermediate porosity layer, though the principle is 
not dear. 

Further, in the step forming the intermediate pores- 
rty layer, by changing the current density gradually or 25 
stepwise, an intermediate porosity layer, with a porosity 
which rises gradually or stepwise from the low porosity 
layer toward the high porosity layer, is formed between 
the low porosity surface layer and the high porosity 
layer. As a result the strain between the low porosity 30 
layer and the high porosity layer is relieved more and an 
epitaxial semiconductor film having a good crystallinity 
can be further reliably formed on the porous layer. 

The separation will occur by a large strain caused 
by the different lattice constants at the interface 2s 
between the peeling layer (separation layer) of the high 
porosity layer and a buffer layer of the intermediate 
porosity layer. If some special action is taken in third 
anodization step, the separation becomes even easier. 
This is obtained by applying the current intermittently in 40 
the third anodization step with the higher current den- 
sity, for example, not supplying the current continuously 
for 3 seconds, but by the alternative steps comprising 
supplying current for 1 second and then stopping the 
cunent for a predetermined time, for example, about 1 <5 
minute. By intermittently supplying current in discrete 
steps, the high porosity layer, as the separation layer, 
can be formed beneath the intermediate porosity layer. 
In this case, the porous layer, remaining wfth the semi- 
conductor layer after separation, can be removed by the so 
electrolytic grinding or other chemical or mechanical 
etching methods. 

As mentioned above, by forming the high porosity 
layer beneath the intermediate layer, a distance 
between the high porosity layer, in which the strain ss 
occurs, and the surface of the por us layer is larger and 
th buffering effect by the mtermecfiate porosity layer 
becomes larger, thus a semiconductor film having a 
good crystallinity can be formed. Further, when the high 



porosity layer is formed beneath the intermediate poros- 
ity layer, the thickness of the entire porous layer can be 
reduced, and the thxJgiess of the semiconductor ait> 
strate consumed for forming this porous layer can be 
reduced, and the number of times of repeated use of 
this semiconductor substrate can be made larger. 

Accordingly, by the selection of th anodizafion 
conditions, it is possible to introduce a large strain in the 
separation layer and in addition, to keep the influence of 
this strain from reaching the eprtaxially grown surface of 
the semconductor fim 

In order to perform the epitaxial growth of the sem- 
iconductor on the porous layer with a good crystallinrry, 
it is desired to form the surface of the porous layer with 
the small fine pores, which serve as the seeds of the 
crystal growth on the porous layer. To make the ffnall 
fine pores, a high HF concentration electrolytic solution 
can be used, tn this case, in the low current anodizafion 
step for forming the -low porosity layer, an electrolytic 
solution having a high HF concentration is used. Next 
the intermediate porosity layer which serves as the 
buffer layer is formed, then the HF osncentralion of the 
electrolytic solution is lowered and the anodization with 
a high cunent density is finally carried out By this proc- 
ess, it is posstole to make the size of the fine pores of 
the surface layer very small, whereby an epitaxial semi- 
conductor film having a good crystallinrry can be formed 
on the porous layer In addition, in the high porosity 
layer, the porosity can be raised to a necessary suffi- 
ciently high level, so the peeling of the epitaxial semi- 
conductor film can be carried out weft 

Regarding the change of the electrolytic solution in 
the anodization process, in the first step forming the ajr- 
tace low porosity layer, the anodization is carried out 
using an electrolytic solution of .for example, 
HFrCjHsOH - 2:1 ; in the second step forming the inter- 
mediate porosity layer serving as the buffer layer, the 
anodization is carried out using an electrolytic solution 
of a slightly low HF concentration, tor example, 
HF^H^OH = 1:1; and further, in the third step forming 
the high porosity layer, the anodization with a high cur- 
rent density is carried out using an electrolytic solution 
with a reduced HF concentration of. far example. 
HF<^H 5 OH= 1:1 to 12. 

In the anodization process, when changing the cur- 
rent density in the period from the first step to second 
siep. the current supply can be stopped before the sec- 
ond step. Or after the first step, the second step can be 
conducted without interruption of the current supply 

Further, the anodization process can be conducted 
in a dark place where the tight is blocked, to make the 
unevenness of the surface of the porous layer smaller 
and raise the crystallinity of the semiconductor film epi- 
tanaJly grown on the porous layer. 

Additi nally . the anodized porous layer of silicon 
can be utilized as a light emitting diode. In this case, the 
anodization is preferably carried out while irradiating 
light to rise the fight emitting efficiency. Further, oxidiz- 
ing the anodized porous layer, a blue shift of the wave- 
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length of emitted light occurs. Further, the 
semiconductor substrate, which may be p-type or r> 
type, preferably has a high resistance so as not to intro- 
duce the impurities. 

Employing the above mentioned process, a semi- 5 
conductor substrate formed on the surface (one surface 
or both airfaces) of the porous layer can be obtained. 
Further, the thickness of the entire porous layer is not 
particularly limited, but the thietoess can be made 1 to 
50 urn, preferably 3 to 15 ^m, usually about 8 urn. The 
thickness of the entire porous layer is preferably 
reduced as much as possible so that the semiconductor 
substrate may be repeatedly used as much as possible. 

Additionally the porous layer is preferably annealed 
preceding the epitaxial growth of the semiconductor on 
the porous layer. This annealing can be a hydrogen 
annealing which can be conducted by a heat treatment 
in a hydrogen* gas atmosphere. By the hydrogen 
annealing, the natural oxidized film formed on the sur- 
face of the porous layer can be completely r w m w d and 
the oxygen atoms in the porous layer can be removed 
as much as possible. As a result the surface of the 
porous layer becomes smooth, and an epitaxial semi- 
conductor film having a good crystalfirtity can be 
formed. Simuftaneousry. by this annealing, the strength 
of the interface between the high porosity layer and the 
intermediate porosrty layer can be further weakened, 
and the separation of the epitaxial semiconductor film 
from the substrate can be more easily carried out This 
hydrogen annealing can be earned out in a temperature 
range of from about 95CTC to 1150* C. 

Further, oxidizing the porous layer at a tow temper- 
ature before the hydrogen annealing, the interna] por- 
tion of the porous layer is oxidized. Due to this no large 
structural change will occur in the porous layer even if 
the heat treatment in the hydrogen gas atmosphere is 
applied. Accordingly the strain between the high poros- 
rty and intermediate porosity layers is isolated in an area 
remote or separate from the surface of the first porous 
layer, and an epitaxial semiconductor film having a good 
crystaltinity can be formed. In this case, the low temper- 
ature oxxlatonrcan be carried out in a dry oxidation 
atmosphere at 400° C for about 1 hour. 

-After the hydrogen annealing, as mentioned above, 
a semiconductor can be epitaxially grown on the surface 
of the porous layer. In the epitaxial growth of this semi- 
conductor, the porous layer formed in the surface of the 
single crystal semiconductor substrate maintains its 
crystalfinrty although it is porous. Therefore, the epitax- 
ial growth on this porous layer is possible. The epitaxial 
growth on the surface of this porous layer can be carried 
out by a CVD process at a temperature of. for example. 
7orr c to 1100° C. 

Further, in both of the hydrogen annealing and the 
epitaxial growth of the semiconductor, as the method of 
heating the semiconductor substrate to the predeter- 
mined terrperature. the so-called susceptance heating 
system or the conduction heating system directly sup- 
plying a current through the semiconductor substrate 



per se for heating can be adopted. 

The above-mentioned semiconductor fim eprtaa- 
ally grown on the porous layer can be a single layer 
semiconductor film or mufti-layer semiconductor f 3m by 
lamination of a plurality of semiconductor layers. Fur- 
ther, this semiconductor film can be the same sub- 
stance as that for the semiconductor substrate or 
different substances. As the semiconductor film, various 
types of the semiconductor film or Rms can be used. 
For example, a single crystal Si serriconductor film, a 
compound semiconductor of GaAs etc.. a Si compound, 
tor example Si 1 . y Ge r or tarns suitably combined and 
stacked the same can be used. 

Further, in a case the semiconductor film is a com- 
pound semiconductor, a compound semiconductor sub- 
strate can be used as the semiconductor substrata In 
this case by anodizing the compound semiconductor 
substrate, the compound semiconductor film can be 
formed on the porous layer. When a compound semi- 
conductor is epitaxiaDy grown on the porous layer made 
of the compound semiconductor, the lattice mismatch 
can be reduced in comparison with the cct where the 
compound semiconductor is epitaxially grown on a Si 
semiconductor substrate, and therefore a thin film com- 
pound semiconductor having a good crystatlinity can be 
formed. 

Further, n-type or p-type impurities can be intro- 
duced into the semiconductor film formed on the porous 
layer at the time of the epitaxial growth thereof. Alterna- 
tively, h is also possible to introduce the impurities in the 
entire surface or selectively by an ion implantation, diffu- 
sion etc. after forming the epitaxial semiconductor film. 
In this case, the conductivity type and the concentration 
and type of impurities are selected in accordance with 
the object of use thereof. 

Further, the thickness of the epitaxial semiconduc- 
tor film can be appropriately selected in accordance 
with the purpose of the thin tarn semiconductor. For 
example, when forming a semiconductor integrated cir- 
cuit on the thin film se mico nductor, since the active layer 
of the semiconductor element has a thickness of about 
several micrometers, the semi conductor film can be 
formed to a thickness of for example about 5 pm. 

When epitaxially growing a semiconductor fim 
made by single crystal silicon to form the thin film semi- 
conductor solar cell, as the semiconductor film, for 
example, a p*-type semiconductor layer, a p"-type sem- 
iconductor layer, and an n*-type semiconductor layer, in 
this order on the porous layer can be used. The irrpurity 
concentration and the film thickness of these layers are 
not particularly limited, but for example, preferably, the 
p*-type serriconductor layer is given a film thickness 
within a range of from 0 to 1 *im, typically about 0.5 jim. 
and a boron B, as a p-type irrpurrty. concentration within 
a range of fr m 10 ,s to 10 20 atoms/cm 3 , typically about 
10 19 atoms/cm 3 ; the p-type semiconductor layer is 
given a film thickness within a range of from 1 to 30 urn, 
typically about 5 jim. and a boron concentration within a 
range of from 10 14 to 10 17 atoms/cm 3 , typically about 
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10 atons/cm 3 ; and the n*-type semiconductor layer is 
given a film thickness within a rang of from 0.1 to 1 urn, 
typically about OS um, and a concentration of phospho- 
rus, P. or arsenic. As. within a range of from I0 ie to 10 20 
atoms/cm 3 , typically about 10 19 atoms/cm 3 . 

Further, the semiconductor film can be constituted 
by epitaxial growth of a p*-type Si layer, p-type Si^^Ge^ 
graded layer, undoped S^^Gey layer, n-type Si^Ge^ 
graded layer, and nMype silicon layer in this order and 
this used to prepare a double hetero structure solar cell. 
As typical examples of the layers tor constituting this 
double hetero structure, preferably tor the p*«ype Si 
layer, the impurity concentration is about 10 19 
atoms/cm 3 and the film thickness is about 0.5 um; for 
the p-type Si 1 . x Ge r graded layer, the impurity concen- 
tration is about 10 16 atoms/cm 3 and the film thickness is 
about 1 urn: for the undoped Si 1 _ y Ge y layer, y is 0.7 and 
the film thickness is about 1 um; for the n-type Si^Ge^ 
graded layer, the impurity concentration is about 10 16 
atoms/cm 3 and the film thickness is about 1 fim;andfor 
the nMype Si layer, the impurity concentration is about 
10 10 cm' 3 and the film thickness is about 0.5 urn: Fur- 
ther, the ratio of composition x of Ge in the p-type andn- 
type Si^jGe, graded layers is preferably gradually 
increased from x = 0 of the layers existing on both sides 
to y of the undoped SivyGey Due to this, the lattice con- 
stant match at the interfaces, whereby a goad crystal- 
linity can be obtained. 

In such a double hetero structure solar cell of, carri- 
ers and light can be effectively confined in the undoped 
Sil-yGey layer, and therefore a high conversion effi- 
ciency can be obtained. 

Alternatively, the processing for a solar cell can be 
earned out before the peeling from the semiconductor 
substrate. In this case, the peeling process will be car- 
ried out after the attachment of a support substrate on 
the semiconductor film formed on the porous layer and 
the semiconductor film is peeled from the semiconduc- 
tor substrate together with the support substrate. 

The support substrate in the solar cell can be con- 
stituted by various substrates tor example a glass sheet 
such as window glass, a metal substrata a ceramic 
substrate, or a flexfote substrate comprised of a trans- 
parent resin film or sheet (hereinafter, simply referred to 
as a sheet} etc. 

Next, the steps for constructing the solar cell will be 
explained. It is possible to perform these steps after or 
before peeling the semiconductor film from the semi- 
conductor substrate. 

In the process for constructing the solar cell, as 
mentioned above, multi-layer silicon semiconductor film 
is epitaxially grown on the semiconductor substrate on 
the surface of which the porous layer is formed. Next, tor 
example, thermal oxidation processing is carried out to 
form an oxide film having thickness of about 10 to 200 
nm on the surface of the semiconductor film Then, the 
oxid film of the surface of the semiconductor Him is pat- 
terned to form an interconnection layer by th photoli- 
thography. Alternatively, h is also possible to form 



openings at only the portions where connection to the 
semiconductor film is necessary. Thereafter, for exam- 
ple a conductive layer for constituting the electrode end 
interconnection layer, for example, a single metal fayer 

5 such as AJ or multiple metal layers formed by lamination 
of a plurality of metal layers are finally formed on the 
entire surface by vapor deposition etc. and this is pat- 
terned to tonn the required electrodes and interconnec- 
tion pattern by the photolithography and the etching. 

10 Alternatively, the electrodes and interconnection pattern 
can be formed by a printing method. 

Further, a so-called printed circuit board made of a 
transparent resin sheet on which the required elec- 
trodes and interconnection pattern. La. so-called 

is printed interconnections are formed, is prepared in 
advance and this printed circuit board is attached on the 
semiconductor him formed on the porous layer to form 
the electrical contact at the corresponding parts At this 
time, the electrodes of the semiconductor film and the 

20 printed circuit are joined by for example solder. Further, 
parts other than the electrodes can be bonded by using 
a transparent binder such as a epoxy resin. 

In this way, the adhesion of a printed circuit board 
and thin fOm single crystal silicon (Si), which had not 

25 been possfcfe in the past can be carried out extremely 
easily in the present invention. Further, in the present 
invention, the support substrate is not limited to a 
printed circuit board - a transparent resin sheet can be 
adhered as welL After the support substrate such as a 

30 printed circuit or a transparent resin sheet is adhered, 
tensile stress may be applied with the semiconductor 
substrate, thereby causing destruction in the high 
porosity layer or at an interface between the high poros- 
ity layer and intermediate porous layer -or interface 

ss between the high porosity layer, and the semiconductor 
substrate, the epitaxial semiconductor fttm to be easily 
peeled from the semiconductor substrate the support 
substrate. In this way, a flexible solar cell, comprised of 
a thin film semiconductor on the support substrate such 

40 as a printed circuit board, can be obtained. 

After the peeling proces s , the porous layer some- 
times remains on the back surface of the semiconductor 
film opposite to the support substrate. In this case, it cs 
possible to remove this porous layer by for example 

45 etching. Alternatively, a metal film such as a silver paste 
used as the other ohmic electrode or the light reflecting 
film can be formed on this porous layer without remov- 
ing. This light reflecting surface will improve the opto- 
electrtc conversion efficiency. Further, it is also possible 

so to adhere a metal sheet or form a resin layer on the back 
surface of the semiconductor film as a protective layer. 

On the other hand, the semiconductor substrate 
from which the semiconductor film is peeled may be 
ground at its surface subjected to a similar operation 

55 repeatedly to form a porous layer and solar cells etc. 
The thickness of the semiconductor substrate can be 
made for example about 200 to 300 jim while the thick- 
ness of the semiconductor substrate consumed per 
preparation of the solar cell is about 3 to 20 ^m so even 
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the thickness consumed after 10 repeated uses is about 
30 to 200 jirn_ Therefore, the semiconductor substrate 
can be sufficiently repeatedly utilized Accordingly, 
according to the process of the present invention, an 
expensive single crystal semiconductor substrate can 
be repeatedly used, and therefore a solar ceil can be 
produced with a low energy while reducing the costs. 
Further, the semiconductor substrate made sufficiently 
thin by this repeated procedure can itself be used to 
constitute a solar celt. 

Next, the embodiments of the present invention wiQ 
be explained. However, the present invention is not lim- 
ited to these embodiments. First an explanation will be 
made of an embodiment of the process of production of 
a thin film semiconductor according to the present 
invention. 

[Embodiment rj. 

Figure 2 and Fig. 3 show process diagrams of this 
Embodiment 1.- First a wafer-like semiconductar sub- 
strate 1 1 made of a single crystal Si .doped with boron 
B at- a high concentration, having a resistivity of for 
example 0.01 to 0.02 Don was prepared (Fig. 2A). 

Then, the surface of this semiconductor substrate 
1 1 was anodized to form a porous layer in the surface of 
the semiconductor substrate 11. In this embocSment 
the anodization was earned out by employing an ano- 
dizing device having a double cell structure explained in 
Rg. 1 . Namely, the semiconductor substrate 1 1 made of 
the single crystal Si was arranged between the first and 
second celts 1A and 1B. and an electrolytic solution 
made of HF.C2H5OH = 1:1 was fSled into the two cells 
1 A and 1 B. Then, a current was passed between the Pt 
electrodes 3A and 3B immersed in the electrolytic solu- 
tions of the electrolytic solution cells 1 A and IB by a DC 
current source 2, 

First current was supplied with a low current den- 
sity of 7 mA/cm 2 for 13 minutes. By this step, a surface 
layer 12S having a porosity of 26% and a thickness of 
about 10 jim was formed (Fig. 2B). 

The current supply was stopped once, .then a cur- 
rent was supplied with a high current density of 200 
mA/cm 2 for 3 seconds. By this step, a high porosity layer 
12H having a porosity of about 60% higher than that of 
the surface layer 12S was formed in the surface layer 
12S. Accordingly, the high porosity layer was sand- 
wiched between the previously formed surface layer 
12S (Fig. 2C). In this way, a porous layer 1 2 made of the 
surface layer 12S and the high porosity layer 12H was 
formed. 

In the porous layer 12. the surface layer 12S and 
the high porosity layer 12H have greatly different poros- 
ities, therefore a large strain is introduced at the irrter- 
tace between the surface layer 12S and the high 
porosity layer 12H and the strength becomes extremely 
weak around the vicinity of the interface. Accordingly a 
line of weakness is defined at or about the interface 
which is useful to facilitate targeted separation of grown 



semiconductor films from the substrate in later steps. 

After forming the porous layer 12, in the Si epitaxial 
growing device, a heat treatment that is, an annealing 
at 1100° C. was carried out for th semiconductor sub- 

5 strate 11 in an Hg atmosphere under a normal pressure. 
The heating step was performed by raising the heating 
temperature from room temperature to 1 100° C in about 
20 minutes and then hokfing at 1 100° C for about 30 
minutes. By this annealing in H 2 , the surface of the 

70 parous layer 12 became smooth, and the strength near 
the interface between the intermediate porosity layer 
12M and the high porosity layer 12H was made further 
fragile. 

Thereafter, the temperature was reduced from the 

is annealing temperature of 1 100° C to 1030° C in the Hj 
atmosphere and epitaxial growth of Si was carried out 
for 17 minutes by using S1H4 gas as a source gas* As a 
result an epitaxial semiconductor film 13 made of single 
crystal Si having a thid^iess of about 5 urn was formed 

20 on the surface of the porous layer 12 (Fig. 3 A). 

The epitaxial - semiconductor film 13 was peeled 
from the semiconductor substrate 11 in the next step. 
For this peeling step, a binder 1 4 was coated on the sur- 
face of the epitaxial semiconductor film 13 and the back 

25 surface of the semiconductor substrate 1 1 . respectively; 
and a flexible support substrate 15 made of a PET (pol- 
yethylene terephthalate) sheet was adhered by these 
binders 14 (Fig. 3B). The bonding strength of the sup- 
port substrate 15 by this binder 14 was selected to be a 

so higher strength than the separation strength in the 
porous layer 12. 

An external outward and opposed pulling force for 
separating the support substrates 15 from each other 
was applied to the two substrates 1 5. By this, separation 

35 occurred along the line of weakness in the fragile 
porous layer 12 with peeling occurring in the high poros- 
ity layer 1 2K or. at or in the vicinity of an interface with 
the high porosity layer 12H and the epitaxial semicon- 
ductor film 13 was peeled from the semiconductor sub- 

40 strate 11 (Fig. 3C). 

The thin film semiconductor 23 is constituted by the 
epitaxiaJ semiconductor film 13 separated in this way 
(Rg. 3D). In this example, any remaining porous layer 
peeled with the thin film semiconductor 23 was removed 

45 by chemical or mechanical etching. 

[Embodiment 2] 

Figs. 4 - 5 are process diagrams of the Embodiment 
50 2. First, similar to Embodiment 1. a wafer-like semicon- 
ductor substrate 1 1 made of single crystal Si doped with 
boron B at a high concentration and having a resistivity 
of for example 0.01 to 0.02 Ocm was prepared (Rg. 4A). 
Next the surface of this semiconductor substrate 
55 1 1 was anodized to form a porous layer in the surface of 
th semiconductor substrate 11. Also in this Embodi- 
ment 2. similar to Embodiment 1. the anodizing device 
of the double cell structur explained referring to Fig. 1 
was used. And an electrolytic solution made of 
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HFrCjH^OH = 1:1 was filled "tnto both of th first and 
second cells 1A and IB. Then, a current was passed 
between the Pt electrodes 3A and 3B immersed in the 
electrolytic solutions of the electrolytic solution cells 1 A 
and 18 by a 0C current source 2. 

In this Ernbcdimertt Z first current was supplied for 
8 minutes with a low current density of 1 mA/cm 2 By 
this, a dense surface layer 12S having a porosity of 16% 
and a thickness of 1.7 jxm having a very snail pore 
diameter in comparison with the surface layer 12S in 
Embodiment 1 was formed (Fig. 4B). The current supply 
was sto pped once, then a current was supplied with a 
current density of 7 rnA/cm 2 for 8 minutes. By this, an 
intermediate porosity layer 12M of a porosity of 26% 
and thickness of 6.3 urn having a higher porosity in 
comparison with the surface layer 12S was formed 
beneath of the surface layer 12S (Rg. 4C). The current 
supply was stopped once again, then a current was 
supplied with a high current density of 200 rnA/cm 2 for 3 
seconds. By this, in the intermediate porosrty layer 1 2M ( 
a high porosity layer 12H. given a higher porosity than 
this intermediate porosity layer 12M, that is, having a 
porosrty of about 60% and thickness of 0.05 |im, was 
formed (Fig. 40). fn this way, a porous layer 12 compris- 
ing the surface layer 12S, the irrtermediate porosity 
layer 12M, and the high porosity layer 12H was formed. 

In the porous layer 12. the porosity greatly differs 
between the intermediate porosrty layer 12M and the 
high porosrty layer 12H. Therefore, a large strain and an 
associated line of weakness is i ntroduced at and the 
vicinity of the interface of these intermediate porosity 
layer 12M and high porosity layer 12H. thus the strength 
around this interface becomes exiremely weak. 

After the formation of the porous layer 12. the 
annealing, the epitaxial growth of Si. and the peeling are 
carried out in the same way as in described in Embodi- 
ment 1. 

More particularly, in the ordinary pressure Si epitax- 
ial growing device, first, the semiconductor substrate 1 1 
was annealed in a H 2 atmosphere. The annealing, that 
is, the heal treatment, was performed by raising the 
heating temperature from room temperature to 1 100° C 
in about 20 minutes, then holding at 1100° C for about 
30 minutes. In this Hj annealing, the surface layer 12S 
becomes smoother if the fine pores of the porous layer 
are small. Therefore, the surface layer 12S having small 
fine pores becomes smoother by this annealing in H 2 
and the strength near the interface between the inter- 
mediate porosrty layer 12M and the high porosity layer 
12H was made further fragile. 

Thereafter, the temperature was reduced from the 
annealing temperature of 1 1 00* C to 1030° C in H 2 . and 
the epitaxial growth of Si was carried out for 1 7 minutes 
by using SiH d gas as the source gas. By doing this, an 
epitaxial semiconductor f 9m 13 made of single crysta) Si 
having a thickness of about S um was formed on the 
surface layer 12S (Fig. 5A). 

After the above described step, a binder 14 was 
coated on the surface of the semiconductor film 13 and 



the back surface of the sen*conductor substrate 1 1 . the 
PET sheets (not illustrated) were bonded by a stronger 
bonding strength than the separation strength in the 
porous layer 12 by the binder 14. Then, an external 

s force tor separating the semiconductor film 13 from the 
serniconductor substrate 11 was applied similar to 
Ernbodiment 1. By this, in the fragile porous layer 12. 
peeling occurs in the high porosity layer 12H or at the 
interface between the intermediate porosity layer 12M 

10 and the high porosity layer 12H or the vicinity thereof, 
and the epitaxial semiconductor fim 13 is separated 
from the semiconductor substrate 1 1 (Fig. S6). 

The thin fim serriconductor 23 is constituted by the 
epitaxial semiconductor film 13 separated in this way. In 

is this example, the porous layer peeled with the thin film 
semiconductor 23 was again removed by chemical or 
mechanical etching. 

In this Embodiment 2, a surface layer 12S which 
has a small and dense porosity, and becomes smoother 

so by the annealing in Hg. Therefore, the sem i conductor 
film 13 epitaxially grown on the surface layer 12S is 
formed to have a more excellent crystallinrty. 

Nevertheless, the porosity difference between the 
surface layer 12S and the high porosrty layer 12H is 

2S large, the intermediate porosity layer 12M having an 
intermediate porosity ts provided as a buffer layer 
between the high porosity layer 12H and the surface 
layer 12S, therefore, the influence of the strain due to 
the high porosrty layer 12H can be effectively reduced. 

30 

[Embodiments] 

Figure 6 and Fig. 7 are process diagrams of this 
Embodiment 3. First, similar to Embodiments i and 2, a 

35 wafer-like serniconductor substrate 1 1 made by single 
crystal Si doped with boron B at a high concentration 
and having a resistivity of tor example 0.01 to 0.02 Ocm 
was prepared (Frg. 6 A}. 

Next, the surface of this serniconductor substrate 

4o 11 was ancdized to form a porous layer in the surface of 
the serniconductor substrate 11. In this Ernbodiment 3. 
similar to Ernbocfiments 1 and 2. an anodizing device of 
a double ceil structure explained referring to Fig. 1 was 
used. And an electrolytic solution made of HFrCgHgOH 

45 = 1 .1 was filled into both of the fast and second cells 1 A 
and 1B. Then, a cunent was passed between the Pt 
electrodes 3A and 3B immersed in the electrolytic solu- 
tions of the electrolytic solution cells 1 A and 16 by a DC 
current source 2_ 

so In this Embodiment 3. after the above described 
step, the cunertt was supplied for 8 minutes with a low 
current density of 1 mA/cm 2 . By this, similar to Embodi- 
ment 2. a dense surface layer 12S having a very small 
pore diameter was formed (Fig. 6B). 

ss The current supply was stopped once, then, in this 
Ernbodiment 3, a current was supplied with a cunem 
density of 4 mA/cm 2 for 3 minutes. By this, a first inter- 
mediate porosity layer 12M1 of a porosity of 22% and 
thickness of 1 & fim having a higher porosity in oompar- 
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ison with the surface layer 12S was formed beneath the 
surface layer 12S (Fig. 6C). 

The current supply was slopped once again, then a 
current was further supplied with a current density of 10 
mA/cm 2 for 6 minutes. By this, a second intermediate s 
porosity layer 12M2 having a porosity of about 30% and 
a thickness of 6.6 urn was formed beneath the first inter- 
mediate porosity layer 12M1 (Fig. 6D). 

Further, the current supply was stopped once, then 
a current was supplied with a high current density of 200 jo 
mA/cm 2 for 3 seconds. By this, in the second intermedi- 
ate porosity layer 12M2. a high porosity layer 12H given 
a higher porosity than this intermediate porosity layer 
12M2, that is. having a porosity of about 60% and thick- 
ness of about 0.5 um. was formed (Fig. 6E). In this way. is 
a porous layer 12 comprising the surface layer 12S, the 
first and second intermediate porosfty layers 12M1 and 
12M2. and the high porosity layer 12H was formed. 

In the porous layer 12. the porosfty greatly differs 
between the second intermediate porosity layer 12M2 2u 
and the high porosity layer 12H, therefore a large strain 
is introduced at or the vicinity of the interface of the sec- 
ond intermediate porosity layer 12M2 and the high 
porosity layer 12H, and thus the strength around here 
becomes extremely weak. 25 

After forming the porous layer 12, annealing is car- 
ried out similar to Embodiments 1 and 2, the epitaxial 
semiconductor film 13 is formed by epitaxial growth of Si 
(Fig. 7 A), and the bonding of a PET sheet (not illus- 
trated) serving as the support substrate is carried out 30 
The peeling of the epitaxial semiconductor film' 13 and 
the semiconductor substrate 1 1 is carried out by the 
breakage of the high porosity 1 2H of the porous layer 1 2 
or the vicinity thereof (Fig. 7B), 

The thin fim semiconductor 23 ts formed by the epi- 3S 
taxiaJ serruconductor film 13 in this way. 

In this Embodiment 3. between the high porosity 
layer 12H and the surface layer 12S. the first and sec- 
ond intermediate porosity layers 12M1 and 12M2 hav- 
ing porosities which rise toward the high porosity layer 40 
12H are provided. These intermediate porosity layers 
act as buffer layers. Therefore, the influence of the strain 
due to the high porosity layer 12 can be more effectively 
reduced. 

(Embodiment 4] 

In this embodiment, similar to Embodiment 2 
explained referring to Fig. 4 and Fig. 5. the surface of 
the single crystal Si semiconductor substrate 11 is ano- so 
dized to form the porous layer 12 comprised of the sur- 
face layer 12S, the intermediate porosity layer 12M, and 
the high porosity layer 12H formed in this intermediate 
porosity layer 12M and the epitaxial semiconductor film 
constituting the intended thin film semiconductor is epi- ss 
taxially grown on this, but in this embodiment, the sur- 
face layer 12S and the intermediate porosity layer 12M 
were formed by a continuous anodization method in 
which the amount of current supplied is varied. 



Also in this embodiment similar to Embodiments 1 
and 2. a semiconductor substrate 1 1 made of single 
crystal S doped with boron B and having a resrstrvrty of 
for example 0.01 to 0.02 Ocm was prepared (Fig. 4 A) 

Then, similar to Embodiments 1 and 2. an anodiz- 
ing device of a double cefl structure explained referring 
to Fig. 1 was used. An electrolytic solution made of 
HFrCgHsOH = 1:1 was filled into both of the first and 
second ceils 1A and 1B. Then, current was passed 
between the Pt electrodes 3A and 3B immersed in the 
electrolytic solution of the electrolytic solution celts 1A 
and 1B by a DC current source 2. 

Also in this Embodiment 4, first, current was sup- 
plied for 8 minutes with a tow current density of 1 
mA/cm 2 . By this, a surface layer 12S having a porosity 
of 1 6% and a thickness of 1 .7 um was formed (Fig. 4B). 

Next, in this embodiment after forming this surface 
layer 12S, without stopping the current supply the ano- 
dization was carried out gradually changing the amount 
of current supply from above 1 mA/cm 2 to 10 mA/cm 2 in 
about 16 minutes, by increasing the current at a rate of 
for example 1 mA/cm 2 per minute. By this, an intermedi- 
ate porosity layer 12M having a thickness of about 6.8 
pm and changed in porosity from about 16% to 30% 
was formed (Fig. 4C). 

Thereafter, the current supply was stopped once, 
then current was supplied with a high current density of 
200 mA/cm 2 for 3 seconds. By this, in the intermediate 
porosity layer 12M, a high porosity layer 12H given a 
higher porosity than this intermediate porosity layer 
12M, having a porosity of about 60% and thickness of 
0.5 urn, was formed (Fig. 40). In this way, a porous layer 
12 comprising the surface layer 12S. the intermediate 
porosity layer 12M, and the high porosity layer 12H was 
formed. 

In the porous layer 1 2 formed in this way. the poros- 
ity greatly differs between the intermediate porosity 
layer 12M and the high porosity layer 12H. therefore a 
large strain is applied at the interface of these interme- 
diate porosity layer 12M and high porosity layer 12H 
and the vicinity of the interface, thus the strength around 
here becomes extremely weak. 

After forming the porous layer 12, annealing similar 
to Embodiments 1 and 2 is carried out in a Si epitaxial 
growing device in l-fe atmosphere under the normal 
pressure to make the surface layer 12S of the porous 
layer 12 smooth and weaken the strength near the inter- 
face of the intermediate porosity layer 12M and the high 
porosity layer 12H. 

Thereafter, similar to Embodiments 1 and 2, in the 
Si epitaxial growing device in which the annealing was 
carried out. epitaxial growth of Si was earned out under 
the normal pressure for 1 7 minutes to form the epitaxial 
semiconductor film 13 made of single crystal Si having 
a thickness of about 5 pm (Fig. SA). 

Aft r the above step, similar to Embodiment 2. a 
support substrate made of a PET sheet is bonded (not 
illustrated) and the peeling (Fig. 5B) etc. are carried out 
thereby to obtain an intended thin film semiconductor 
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23. Also in this case, the peeling is carried out by the 
breakage in the porous layer, that is, the breakage of the 
high porosity layer 1 2H or th vicinity thereof 

Also in this Embodiment 4. a surface layer which 
has a small porosity, that is, is denser, is formed. This 
surface layer becomes smoother by th annealing in H 2 . 
Therefore, the epitaxial semiconductor film 13 epitaxi- 
aHy grown on this, that is. the thin f Am semiconductor 23 
farmed by this, is formed as a serniconductor having 
more excellent crystaJfirrity. 

In this Embodiment 4. the porous layer 12 was 
formed by incrementally increasing the current density 
in the formation of the intermediate porosity layer 12M 
beneath the surface 12S, so the porosity between the 
high porosity layer 12H and the surface layer 12S grad- 
ually changes, and therefore the strain caused between 
the two layers is effectively relieved, that is, buffered, by 
the intermediate porosity layer 12M. After performing 
the annealing in the atmosphere, a flatter and 
smoother surface can be formed. Accordingly, the epi- 
taxial semiconductor film formed on the surface layer 
and accordingly the finally obtained thin film semicon- 
ductor can be formed as a thin tarn semiconductor hav- 
ing a mere excellent crysfallinity and higher reliability. 

[Embodiment S] 

Figure 8 is a process diagram of this embodimertt 
In this embodiment, in the porous layer 12, the high 
porosity layer was formed in the bottom of or beneath 
the intermediate porosity layer, thai is. inside of the sub- 
strate 1 1 which was not made porous. 

In this embodiment as well, similar to Embodiments 
1 and 2. a semiconductor subs trat e 11 made of angle 
crystal Si doped with boron 6 and haying a resistivity of 
for example 0.01 to 0.02 nam is prepared (Fig. 8A). 

Then, with respect to this semiconductor substrate 
11, similar to Embodiments 1. and 2. an anodizing 
device of a double ceil structure explained referring to 
Fig. 1 was used. And an electrolytic solution made of 
HF:p2HsOH = 1:1 was filled into both of the first and 
second cells 1A and 16. Then, a current was passed 
between the Pt electrodes 3A and 38 immersed in the 
electrolytic solutions of the electrolytic solution cells 1 A 
and 16 by a DC current source 2. 

In this Embodiment S, similar to Embodiment 2, 
first, the current was supplied for 8 minutes with a low 
current density of 1 mA/cm 2 . By this, a surface layer 
12S having a porosity of 16% and a thickness of about 
1.7 um was formed (Fig. 86). Then, similar to Embodi- 
ment 2, the current simply was once stopped and the 
anodization was carried out with a current suppfy of 7 
mA/cm 2 for 8 minutes to form an intermediate porosity 
layer 12M having a porosity of 26% and a thickness of 
6.3 jim beneath the surface layer 12S (Fig. 8C). 

Thereafter, the current supply was stopped once, 
then, in this embodiment, a current with a high curr nt 
density of 200 mA/crrf was intermittently supplied. 
Namely, a current of 200 mA/cm 2 was supplied for 0.7 



second at first the current supply was stopped again lor 
one mirute, and then a current of 200 mAton 2 was sup- 
plied for 0.7 second, the current supply was further 
stopped for one mi nut . and then a current of 200 

5 mA/cm 2 was supplied tor 0.7 second. Namely the ano- 
dization was earned out by irrtermmently supplying cur- 
rent of a high current density three times. By this, a high 
porosrty layer 12H having a higher porosity in compari- 
son with the intermediate porosrty layer 12M, i.e. a 

io porosrty of about 60% f and a thickne ss of about 50 nm 
was formed under the intermediate porosrty layer 12M 
(Fig. 80). In this way. a porous layer 12 comprising the 
surface layer 12S. the intermediate porosrty layer 12M, 
and the high porosity layer 1 2H is formed. 

75 In the porous layer 12 formed in this way, the poros- 
ity between the high porosity layer 12H and the interme- 
diate porosity layer 12M and further between the high 
porosity l^yer 12H and the substrate 1 1 greatly differs, 
so a large strain is applied at the interface and the vioin- 

20 hy of the interface and the strength around here 
becomes extremely weak. 

After forming the porous layer 12 in this way, similar 
to the explanation referring to Embodiment 2. annealing 
was carried out in a Si epitaxial growing device in an 

2S atmo^rhere under a normal pressure to make the sur- 
face layer 1 2S of the porous layer 1 2 smooth and simul- 
taneously the high porosrty layer 12H is made fragile. 

Thereafter, similar to Embodiment 2, in the Si epi- 
taxial growing device in which the annealing was carried 

so out, epitaxial growth of Si was carried out under the nor- 
mal pressure for 17 minutes to form an epitaxial semi- 
conductor film 13 made of single crystal Si having a 
thickness of about 5 pm (Fig. 8£). 

Thea similar to the above embodiments, the epi- 

35 taxia! semiconductor film 13 and the semiconductor 
substrate 1 1 are separated (Fig. 8F). 

By the intermittent supply of a large current density, 
the high porosrty layer 12H is formed in the bottom of or 
beneath the intermediate porosity layer 12M. And the 

40 high porosity layer I^H can be formed with an extremely 
high porosity. The porosity of the high porosity layer 12H 
is remarkably improved by the annealing in the H2 
atmosphere. Accordingly, the epitaxial semiconductor 
f 3m 12 on the porous layer 12 can be extremely easily 

4$ peeled in the high porosity layer 12H or the vicinity 
thereof 

Figure 23 and Fig. 24 are diagrammatical views 
based on micrographs of 100.000 magnifications of the 
cross -section of the intermediate porosity layer 12M 

so and the high porosity layer 12H in this embodiment 
before and after the annealing in the Hj atmosphere. As 
apparent from a comparison of the two, the growth of 
the crystal grains is caused by the annealing in H 2 . A 
remarkable expansion and growth of the pore portions 

£5 occurs particularly in the high porosity layer 12K An 
extremely rough layer of a columnar form (Fig. 24 shows 
aoss-section of part where there are no columns) is 
formed. The fragility in this part becomes remarkable. 
Embodiment 5 shows a case where the high poros- 
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ity layer 12H is formed at the interface with the semicon- 
ductor substrate 1 1 by the intermittent supply of a large 
current but it is also possible to similarly form the high 
porosity layer 12H at the interface with the semiconduc- 
tor substrate 1 1 by a means other than such an intermit- 5 
tent supply of a large current This case is shown in 
Embodiments 6 and 7 and Embodiment 8. 

[Embodiments] 

10 

In thts embodiment, an explanation will be made by 
referring to the process diagram of F»g. 8. In this embod- 
iment the surface layer 12S and the intermediate 
porosity layer were formed according to a process simi- 
lar to that explained referring to Embodiment 2. is 

Namely, in this embodiment similar to Embodiment 
2. a wafer-like semiconductor substrate 1 1 made of sin- 
gle crystal Si doped with boron B at a high concentra- 
tion and having a relative resistance of for example 0.01 
to 0.02 Ocm was prepared (Fig. 8A). 20 

Next an anodizing device of a double cell structure 
explained referring to Ftg. 1 was used. And an electro- 
lytic solution made of HF^HsOH = 1:1 was fiDed into 
both of the first and second cells 1A and 1B. Then, a 
current was passed between the Pt electrodes 3A and zs 
3B immersed in the electrolytic solutions of the electro- 
lytic solution cells l A and IB by a DC current source 2. 

First the current was supplied for 8 minutes with a 
low current density of 1 mA/cm 2 . By this, a surface layer 
1 2S similar to that in Embodiment 2 is formed (Rg. 8B). 30 
The current supply was once stopped, then a current 
was supplied with a current density of 7 mA/cm 2 for 8 
minutes to form an intermediate porosity layer 1 2M sim- 
ilar to that in Embodiment 2 beneath the surface layer 
12S (Fig. 8C). Further, the current supply was stopped 35 
once, then, in thts embodiment, a current of a so-called 
middle current density of 60 mA/cm 2 , lower than the 
large current supplied in Embodiment 2. but higher than 
the supplied current at the formation of the surface layer 
12S and the tmerrnediate porosity layer 12M. was sup- 40 
plied for 1 .9 seconds. By this, similar to Embodiment 5, 
a high porosity dayer 12H having a porosity of about 
60% and a thickness of about 50 mm is formed at the 
interface with the surface of the semiconductor sub- 
strate 11 under the intermediate porosity layer 12M <s 
(Ftg. 80). In this way. a porous layer 12 comprising the 
surface layer 12S. the intermediate porosity layer 12M. 
and the high porosity layer 12H is formed. 

In the porous layer 12 formed in this way as well, 
the porosity greatly differs among the high porosity layer so 
12H, the intermediate porosrty layer 12M, and the sub- 
strate 1 1 . therefore a large strain is applied at the inter- 
face and the vicinity of the interface, and thus the 
strength around here becomes extremely weak. 

After the formation of the porous layer 12 in this 55 
way, similar to the explanation referring to Embodiment 
2, annealing is carried out in a Si epitaxial growing 
device in an H2 atmosphere under a normal pressure to 
make the surface layer 12S of the porous layer 12 



smooth and simultaneously make the strength near the 
interface of h intermediate porosity layer 12M and the 
high porosrty layer 12H fragile. 

Thereafter, similar t Embodiment 2. in the Si epi- 
taxial growing device in which the annealing was carried 
out, epitaxial growth of Si is carried out under the nor- 
mal pressure for 17 minutes to form an epitaxial semi- 
conductor fflm 13 made of single crystal Si having a 
thickness of about S um (Fig. 8E). 

Then, similar to the above embodiments, the epi- 
taxial semiconductor film 13 is peeled from the semi- 
conductor substrate 1 1 thereby to obtain an intended 
thin fBm semiconductor 23 (Fig. 8F). 

[Embodiment 7J 

In this embodiment an explanation wilt be made by 
referring to the process diagram of Fig. 8. In this embod- 
iment as well, similar to Embodiment 2, a wafer-like 
semiconductor substrate 11 made of single crystal Si 
doped with boron 8 at a high concentration and having 
a relative resistance of for example 0.0 1 to 0.02 Ocm 
was prepared (Rg. 8A). 

Also in this case, an anodizing device of a double 
cell structure explained referring to Fig. 1 was used. 
And an electrolytic solution made of HFiCzH^OH « 1 ;1 
was filled into both of the first and second cells 1 A and 
IB. Then, a current was passed between the Pt elec- 
trodes 3A and 38 immersed in the electrolytic solutions 
of the electrolytic solution cells 1 A and 1 8 by a DC cur- 
rent source 2. 

Then, first, in this embodiment, a current was sup- 
plied with a low current density of 1 mA/cm 2 for 6 min- 
utes. By This, a surface layer 12S having a porosity of 
16% and a thickness of 1.7 urn was formed (Rg. 86). 
The current supply was stopped once, then current was 
supplied with a current density of 4 mA/cm 2 tor 10 min- 
utes. By this, the intermediate porosity layer 12M having 
a porosity of 22% and a thickness of 5.8 pm is formed 
beneath the surface layer 12S, that is, on the inner side 
from the surface layer 12S (Rg. SC). Further, the cur- 
rent supply was stopped once. then, in this embodi- 
ment a middle current of 60 rrvVcrn 2 was supplied for 2 
seconds. By this, the high porosity layer 12H having a 
porosity of about 60% and a thickness of about SO nm is 
formed at the interface with the semiconductor sub- 
strate 11 under the intermediate porosrty layer 12M 
(Rg. 8D), In this way. a porous layer 12 comprising the 
surface layer 12S, the intermediate porosity layer 12M, 
and the high porosity layer 12H is formed. 

In the porous layer 12 formed in this way, the poros- 
ity greatly differs among the high porosity layer 1 2H. the 
intermediate porosity layer 12M. and the substrate 11, 
therefore a large strain is applied at the interface and 
the vicinity f the interlace, and thus the strength around 
here becomes extremely weak 

After forming the porous layer 12 in this way, similar 
to the explanation referring to Embodiment 2. annealing 
is carried out in a Si epitaxial growing device in an 
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atmosphere under a normal pressure to make the sur- 
face layer 12S of the porous layer 12 smooth and simul- 
taneously make the strength near the interface of the 
intermediate porosity layer 12M and the high porosity 
layer 12H inside the porous layer 12 fragile. s 

Thereafter, similar to Embodiment 2. in the Si epi- 
taxial growing device in which the annealing was carried 
out, epitaxial growth of Si is carried out under the nor- 
mal pressure for 17 minutes to form an epitaxial semi- 
conductor film 13 made of single crystal S' having a " 
thickness of about 5 jim (Fig. 8E). The epitaxial semi- 
conductor film 1 3 is peeled from the semiconductor sub- 
strate n to obtain the intended thin f 8m semiconductor 
23(Fig.8F). 

[Embodiment 8] 

In this embodiment, the explanation will be made by 
referring to the process diagram of Fig. 8. In this embod- 
iment, similar to Embodiment 2, a wafer-tike semicon- so 
ductor substrate 11 made of single crystal Stepped with 
boron B at a high concentrabon and having a relative 
resistance of for example 0.01 to 0.02 Oom was pre- 
pared (Frg. 8A). 

Then, in this case as well, anodization is carried out 25 
by using an anodizing device of a double oat) structure 
explained referring to Fig. 1, but in this embodiment an 
electrolytic solution of HF.-C^H^OH = 1.2:1 was filed 
into the first cell 1 A, and an electrolytic solution of 
HFrCgHgOH = 1:1 was flled into the second eel! 18. so 
Then, current was passed between the Pt electrodes 3 A 
and 3B arranged immersed in the electrolytic solutions 
of the electrolytic solution cells 1 A and IB by a DC cur- 
rent source 2. 

Ftrst current was supplied with a low current den- 
sity of 1 mA/cm 2 for 5 minutes. By this, a surface layer 
12S having a porosity of 13% and a thickness of 1 .5 um 
was formed (Fig. 8B)_ The current supply was stopped 
once, then the current was supplied with a current den- 
sity of 5 mA/cm2 for 5 minutes. By this, an intermediate 
pc<o5itylayer12Mriavingapc^ositycf 18% anda thick- 
ness of 5 um was formed under the surface layer 12S 
(Fig. 8C). Further, the current supply was once stopped, 
then a current with a middle current density of 80 
mA/cm2 was supplied for 3 seconds. By this, a high 
porosity layer 1 2H having a porosity of about 60% and a 
thickness of about 50 nm was formed at the interface 
with the semiconductor substrate 1 1 under the interme- 
diate porosiry layer 12M which was not made porous 
(Fig. 8D). In this way. a porous layer 12 comprising the 
surface layer 12S. the intermediate porosity layer 12M, 
and the high porosity layer 12H is formed. 

In the porous layer 12 formed in this way. the poros- 
ity greafly differs among the high porosity layer 12H, the 
intermediate porosity layer l2M t and the substrate 11, 
therefore a large stain is applied at the interface and 
the vicinity of the interface, and thus the strength around 
here becomes extremely weak. 

After the formation of the porous layer 12 in this 



way, similar to the explanation referring to Embodiment 
2. annealing is carried out in a Si epitaxial growing 
device in an hfe atmosphere under a normal pressure to 
made the surface layer 12S of the porous layer 12 
smooth and simuttaneously make the strength near the 
interface of the intermediate porosity layer 12M and the 
high porosity layer 12H inside the porous layer 12 frag- 
ile. 

Thereafter, similar to Ernbodiment 2, in the Si epi- 
taxial growing device, in which the annealing was car- 
ried out epitaxial growth of Si was carried out under the 
normal pressure for 17 minutes to form an epitaxial 
semiconductor film 13 made of single crystal Si having 
a thickness of about 5 >im (Fig. 8E). 

Then, in this case, the bonding of for example a 
PET sheet (not illustrated) and the peeling of the epitax- 
ial semiconductor film 12 from the sernconductor sub- 
strate IV are carried out to obtain the intended thin 13m 
semiconductor 23. (Fkj. 8F). 

[Embodiment 9] 

This embodiment is based on a process similar to 
Embodiment 2, but an oxidation step is added preced- 
ing the heat treatment with respect to the porous layer 
12 in the atmosphere. This will be explained by refer- 
ring to Figs. 4 and S. In this embodiment similar to 
Embodiment 2. a wafer-like semiconductor substrate 1 1 
made of single crystal Si doped with boron B at a high 
concentration and having a relative resistance of 0.01 to 
0.02 ficm was prepared (fig. 4A). 

Further, an anodizing device of a double cell struc- 
ture explained referring to Rg. 1 was used. And all elec- 
trolytic solution made of HF.C2H5OH = 1:1 was filled 
into both of the first and second cells 1 A and 1 B, Then, 
a current was passed between the Pt electrodes 3A and 
3B immersed in the electrolytic solutions of the electro- 
lytic solution cells 1 A and 1 B by a 0C current source 2. 

First, a current was supplied with a current density 
of 1 mA/cm 2 for 8 minutes to form a surface layer 12S 
(Fig. 4B). The current supply was stopped once, then a 
current was supplied with a current density of 7 mA/cm 2 
for 8 minutes to form an intermediate porosity layer 1 2M 
under the surface layer 12S (Fig. 4Q. The current sup- 
ply was stopped once, then a current of 200 mA/cm 2 
was supplied for 3 seconds to form the high porosity 
layer 12H in the intermediate porosity layer 12M and 
thereby form a porous layer 12 comprised of the surface 
layer 12S. the intermediate porosity layer 12M, and the 
high porosity layer 12H (Fig. 4D). 

Thereafter, cn this embodiment the oxidation step is 
carried out This oxidation was performed according to 
dry oxidation comprised of heating in an oxygen atmos- 
phere to 400° C. By this process, the internal portion ol 
the porous layer 12 is oxidized, the occurrence of a 
large structural change in the porous layer is prevented 
even by the later heat treatment in the H 2 atmosphere 
and the influence of the strain caused in the vicinity of 
the interface of the high porosity layer 12H exerted on 
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the surface layer 12S can be effectively avoided. 

After this, by a similar method to that in Embodi- 
ment 2. the substrate 1 1 is heat treated in an H 2 atmos- 
phere by a Si epitaxial growing device under a normal 
pressure, then the epitaxial growth of Si is earned out s 
(Fig. SA), and the adhesion, peeling, etc. of th support 
substrate by for example a PET sheet are carried out, 
thereby to obtain the intended thin film semiconductor 
23 (Fig. SB). 

[Embedment 10] 

This embodiment shews a case where the concen- 
tration of the electrolytic solution is changed in the ano- 
dtzation of the porous layer 12. In this case, the is 
explanation will be made by referring to Fig. 4 and Fig. 
5. In this embodiment a wafer-like semiconductor sub* 
strate 11 madexf single crystal Si doped with boron 6 
at a high concentration and having a relative resistance 
of 0.01 to 0.02 ficm was prepared (Fig. 4A). 20 

Then, anodlzat'on was earned out by using an ano- 
dizing device of a double cell structure explained refer- 
ring to Fig. 1 , but in this case, an electrolytic solution of 
HF^HgOH =1 2:1 was titled into the first cell 1A. an 
electrolytic solution of HFrCgHgOH = 1:1 was filled into 2s 
the second cell 1 B, the Si substrate was sandwiched 
between these electrolytic solution cells, and a current 
was passed between the Pt electrodes 3A and 3B dis- 
posed in the electrolytic solution tanks 1 A and 1 B as the 
electrodes. 30 

First a current was supplied with a current density 
of 1 mA/cm 2 for 8 minutes. By this, a surface layer 12S 
having in porosity of 1 S% and a thickness of 1 J urn was 
formed (Fig. 4B). The current supply was stopped once, 
then a current was supplied at 7 mA/cm2 for 8 minutes. 35 
By thia an intermediate, porosity layer 12M having a 
porosity of 26% and a thickness of 6.3 pm was formed 
(Fig. 4C). 

Next, the concentration of the electrolytic solution of 
the first cell 1A was changed to HF^HsOH = 1:1. 40 
Then, the current density was raised to 200 mA/cm 2 . 
and current wastsupplied for 3 seconds.- By this, a high 
porosity layer 12H having a porosity of about 60% and a 
thickness of about 0.S u/n was formed in the intermedi- 
ate porosity layer 12M (Fig. 40). In this way. a porous *5 
layer 12 comprising the surface layer 12S. the interme- 
diate porosity layer 12M. and the high porosity layer 
12H is formed. 

After this, similar to that in Embodiment 2. the sub- 
strate 1 1 is heat-treated in an Hg atmosphere by a Si 50 
epitaxial growing device, then the epitaxial growth of Si 
is carried out (Fig. 5A). and the adhesion, peeling (Fig. 
SB), etc. of the support substrate (not illustrated) by 
PET are carried out thereby to obtain the thin film sem- 
iconductor 23. ss 

In this embodiment in the format) n of the surface 
side of the porous layer 12, thai is. the surface layer 12S 
and the intermediate porosity layer 12M, th HF con- 
centration is raised. When the HF concentration of the 
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electrolytic solution is raised in this way, the porosity of 
the porous layer becomes small. Therefore, in ihis case, 
since a porous layer having an extremely fine pore 
diameter is formed in the surface portion of the porous 
layer 12, the epitaxial semiconductor film to be eprtaxi* 
ally grown on this is formed as a film excellent in crystal* 
linrty. 

Then, in this case, in the formation of the high 
porosity layer 12H, if the HF concentration of the elec- 
trolytic solution is high, a sufficient porosity may not be 
obtained with the current supply of a current density of 
200 mA/cm 2 for about 3 seconds, but in this embodi- 
ment, in the production of the high porosity layer 12H. 
the HF concentration of the eJedrolytic solution ts low- 
ered, so a high porosity layer 12H having a sufficiently 
high porosity can be produced. 

piTtoodirnent 11] 

This embodiment also shows a case where the 
concentration of the electrolytic solution is changed in 
the anocftzation process. This win be explained by refer- 
ring to Rg. 6 and Fig. 7. In this embodiment in wafer- 
like semiconductor substrate 11 made of single crystal 
Si doped with boron B at a high concentration and hav- 
ing a relative resistance of 0.01 to 0.02 Ocm was pre- 
pared (Fig. 6A). 

Then, an anodizing device of a double ceO structure 
explained referring to Rg. 1 was used. And ah electro- 
lytic solution of HFrCzHsOH = 2:1 was filled into the first 
cell 1 A. an electrolytic solution of HF^HgOH e 1:1 was 
filled into the second cell 1 B. the Si substrate was sand- 
wiched between these electrolytic solution tanks 1 A and 
IB. Then, a current was passed between the Pt elec- 
trodes 3A and 38 disposed in the electrolytic solution 
cells 1A and 1B as the electrodes. 

First, the current was supplied with a current den- 
sity of 1 mA/cm 2 for. 8 minutes. By this, a surface layer 
12S having a porosity of about 14% and a thickness of 
about 2.0 nm was formed (Fig. 6B). The current supply 
was stopped once, then a current was supplied, at 7 
mA/cm 2 for 6 minutes. By this, a first intermediate 
porosity layer 12M1 having a porosity of about 20% and 
a thickness of about 6.4 jim was formed (Rg. 6C). 

Next, the concentration of the electrolytic solution of 
the first tank 1A was changed to HFrCjHsOH = i:V 
Then, a current was supplied again at 7 mA/cm 2 for 2 
minutes. By this, a second intermediate porosity layer 
1 2M2 having a porosity of about 26% and a thickness of 
about 1.7 Mm was formed (Fig. 60). 

Thereafter, the current supply was stopped once, 
and the concentration of the electrolytic solution of the 
first tank 1 A was further changed to HFiC^H^OH =1:1.5 
to lower the concentration of the electrolytic solution fur- 
ther. In this state, the current-density was raised to 200 
mA/cm 2 and the current supplied for 2 seconds. By 
doing this, a high porosity layer 12H having a porosity of 
about 60% and thickness of about 0.5 um was formed in 
the second intermediate porosity layer 12M2 (Fig. 6E). 
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By this, a porous layer 12 cx H ipri si i ig th surface layer 
12S ( the rntermediate porosity layer 12M, and the high 
porosity layer 12H was formed. 

Thereafter, by a process similar to Embodiments 2 
and 3. etc.. the substrate 11 was heat-treated in an H 2 
atmosphere by a Si epitaxial growing device under a 
normal pressure, then the epitaxial Growth of Si is car- 
ried out to form the epitaxial semiconductor f 3m 13 (Fig. 
7A). and the epitaxial semiconductor film 13 is peeled 
from the semiconductor substrate 11 to obtain the 
intended thin film semiconductor £3 (Fig. 7B). Also in 
this example, the porous layer adhered to the thin film 
semiconductor 23 was removed by etching. 

In this ernbodiment the first and second intermedi- 
ate porosity layers 12M1. and 12M2 were formed. In the 
step for forming the second intermediate porosity layer 
12M2, the concentration of the electrolytic solution was 
lowered. The concentration of the electrolytic solution 
was further lowered in the step for forming the high 
porosity layer 1 2H. Therefore, the porosity was stepwise 
raised from the surface layer 12S toward the high poros- 
ity layer 12H, and therefore the influence of the strain 
upon the surface of the porous layer 12 by the high 
porosity layer 12H can be effectively relieved, and the 
crystallinrty of the epitaxial semiconductor ftm 13 to be 
epitaxiaJly grown on the porous layer 12 can be made 
higher. 

Further, in the anodtzation of the high porosity layer 
12H, the concentration of the electrolytic solution was 
further lowered, therefore the fragility of this high poros- 
ity layer 12H can be further raised, and the separation, 
thai is. the peeling property of the epitaxial semiconduc- 
tor film 13 from the substrate 1 1 . can be enhanced. 

[Errbodiment 12] 

This embodiment also shows a case where the epi- 
taxial semiconductor film, that is. the thin film semicon- 
ductor, has a mufti-layer structure, i.e., p*^)7n + 
structure. Figure 9 and Fig. 10 are process diagr a ms of 
this embodirnerrt. In this ernboo3merrL a wafer-like sem- 
iconductor substr at e 1 1 made of smglexryslal Si doped 
with boron 6 at a high concentration and having a rela- 
tive resistance of for example 0.01 to 0.02 Qcm was pre- 
pared (Fig, 9A). 

Next, an anodizing device of a double cell structure 
explained referring to Fig. 1 was used, an electrolytic 
solution of HFjCy^sOH =1:1 was filled into both of the 
first and second cells 1A and 16. and a current was 
passed between the Pt electrodes 3A and 36 immersed 
in the electrolytic solutions of the electrolytic solution 
cells 1 A and IB by a DC current source 2. 

First a current was supplied at a current density of 
1 mA/cm 2 tor 8 minutes to form a surface layer 12S (Fig. 
96). The current supply was stopped once, then a cur* 
r nt was supplied with a current density of 7 mA/cm 2 for 
8 minutes to form the intermediate porosity layer 12M 
(Fig. 9C). Further, the current supply was stopped once, 
then a current of 200 mA/crn 2 was supplied for 3 sec- 



onds. By performing this, a high porosity layer 12H was 
formed *m the intermediate porosity layer 12M (Fig. 9D). 
In this way. a porous layer 12 comprised of the surface 
layer 12S. the imermediate porosity layer 12M. and the 

5 high porosity layer 12H is formed. 

After forming the porous layer 1 2 in this way. similar 
to that explained by referring to Embodiment 2. the 
annealing is earned out in a Si epitaxial growing device 
in an atmosphere under a normal pressure to make 

io the surface layer 12S of the porous layer 12 smooth and 
make the strength near the interface of the rntermediate 
porosity layer 12M and the high porosity layer 12H frag- 
ile. 

Thereafter, in the ordinary pressure Si epitaxial 
75 growing device in which the annealing was carried out. 
epitaxial growth, using SiH< gas and E^Hg gas. was car- 
ried out for 2 minutes to form first epitaxial semiconduc- 
tor layer 131 comprised of p* Si.doped with boron 6 at 
a high concentration (Fig: 10 A). - 
zo Next the flow rate of the B 2 H e gas was changed 
and Si epitaxial growth was carried out for 1 7 minutes to 
.form a second epitaxial semiconductor layer 132 made 
of p' Si doped with boron at a low concentration (Rg. 
108). 

25 Thereafter. PH3 gas is supplied in place of the B 2 H6 
gas and Si epitaxial growth doped with phosphorus to a 
high ooncentration b carried out on the p~ epitaxial sem- 
iconductor layer 132 for 2 minutes to form a third epitax- 
ial semtconductor film 133 made df n* Si (Fig. 10C). In 

30 this way. an epitaxial semiconductor film 13 having a 
pVp7n + structure comprising the first to third epctaxraJ 
semiconductor layers 131 to 133 is constituted. 

After this; similar to the above entailments, the 
peeling of the epitaxial semiconductor layer 13 from the 

35 substrate 1 1 and the other process are earned out to 
obtain the intended thin fHm semtconductor 23 (Fig. 
10D). In this example, the porous layer adhered to the 
thin film semiconductor 23 was removed by etching. 
The thin film semiconductor 23 made of this p'VpTn 1 " 
three-layer structure can constitute a solar cell. 

[Ernbodiment 13] z 

In this embodiment instead of Si f ilm in the process 
45 of Embodiment 12. the epitaxial semiconductor film 13 
is formed as an epitaxial semiconductor film by GaAs. 
Namely, in this case, in the steps of Fig. 9A to Fig. 9D. 
steps similar to those in Embodiment 12 are employed, 
and then, in the epitaxial growth of the epitaxial serrri- 
so conductor film 13. hetero epitaxial growth is carried out 
at a substrate temperature of 720° C for 1 hour by an 
ordinary pressure MOCVD device by using TMGa (tri- 
methyt gallium) and ASH3 as the source material gas 
according to the MOCVD (Metal Organic Chemical 
55 Vapor Deposition) process, thereby, an epitaxial semi- 
conductor fitm 13 made of GaAs having a film Thickness 
of about 3 pm is formed. - - 

Thereafter, the epitaxial semiconductor film 13 is 
peeled from the semiconductor substrate 11 to obtain 
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the thin film semiconductor 23 made of the eprtaxiaJ 
semiconductor fHm 13. 

[Ernbcdiment 14] 

This embodiment shows a case where a solar cell 
is produced. Figure 11 to Fig. 14 are process diagrams 
thereof. In this embocSment an epitaxial semiconductor 
film made of a p + /07n* three-layer structure is formed by 
a similar process to that tor Embodiment 12. Namely, in 
this embodiment, a wafer-like semiconductor substrate 
1 1 made of single crystal Si doped with boron 6 at a 
high concentration and having a relative resistance of 
for example 0.01 to 0.02 fl cm was prepared. 

Then, in this case, an anodizing device of a double 
cell structure explained referring to Fig. 1 was used, and 
an electrolytic solution of HFrCgHsOH = 1:1 was filled 
into both of the first and second cells 1 A and 1 B, and a 
current was passed between the Ft electrodes 3A and 
38 immersed in the electrolytic solution of the electro- 
- lytic solution cells 1 A and 16 by a DC current source Z. 

Fust, a current was supplied with a current density 
of 1 mA/cm 2 lor 8 minutes to form a surface layer 12S 
(Fig. 1 1 A). The current supply was stopped once, then 
a current was supplied, with a current density of 7 
mA/cm 2 for 8 minutes to term an intermediate porosity 
layer 12M (Fig. 11B). Further, the current supply was 
stopped once, then a current of 200 mA/cm 2 was sup- 
plied for 3 seconds. By this, a high porosity layer 12H 
was formed in the intermediate porosity layer 12M (Fig. 
HQ. In this way, a porous layer 12 comprised of the 
surface layer 12$, the intermediate porosity layer 12M, 
and the high porosity layer 12H is formed. 

After forming this porous layer 12, annealing in an 
H 2 atmosphere is carried out in a Si epitaxially growing 
device by a process similar to that explained referring to 
Embodiment 2. When performing this, the surface layer 
12S of the porous layer 12 is made smooth and the 
strength near the interlace of the intermediate porosity 
layer 12M and the high porosity layer 12H is weakened. 

Thereafter, .in the Si epitaxial growing device in 
which the annealing was carried out, - epitaxial growth 
using SiH 4 gas and b^Hg gas was carried out for 2 min- 
utes to form a first epitaxial semiconductor layer 131 
made of p + Si having a tttctoess of 0.5 jim and doped 
with boron B to 10 19 atorrs/cm 3 . Next, the flow rate of 
the B^Hg gas was changed and the Si epitaxial growth 
was carried out for 17 minutes to form a second epitax- 
ial semiconductor layer 132 made of p" Si having a thick- 
ness of 5 urn and doped with boron B to 10 16 
atoms/cm 3 . Further. PH3 gas was supplied in place of 
the &zH 6 gas and epitaxial growth was carried out for 2 
minutes to form a third epitaxial semiconductor layer 
133 made of n* Si doped with phosphorus P to a high 
concentration of 10 19 atoms/cm 3 . By this, an epitaxial 
semiconductor film 13 having a p + /p7n + structure com- 
prising the first to third epitaxial semiconductor layers 
131 to 133 was formed (Fig. 12A). 

Next, in this ernbodiment an S*i0 2 tBm. that is, a 



transparent insulating film 16. is formed on the epitaxial 
semiconductor film 1 3 by surface thermal oxidation and 
then is patterned by photolithography to from openings 
16W for contact with an electrode or interconnections 

5 (Fig. 12B). The openings 16W can be formed in a paral- 
lel array of stripes extending in a direction orthogonal to 
the sheet surface in the figure whil maintaining a 
required interval between them, ft is possible to reduce 
the production of carried at the interlace and recombi- 

jo nation to a maximum extent by the SrOj film formed in 
this way. 

Next, a metal film is vapor deposited over the entire 
surface ad pattern etching is carried out by photolithog- 
raphy to form the electrodes or interconnections 1 7 on 

is the right receiving surface srie along the stripe- like 
openings 16W (Fig. 13A). This metal film as the elec- 
trodes or interconnection 17 can be constituted by a 
multilayer film formed by successively vapor depositing 
for example a Ti film having a thiotaess of 30 nm, Pd 

20 having a thickness of 50 nm, and Ag of a thickness of 
100 nm, and further applying Ag plating on this. There- * 
after, annealing is carried out for 20 to 30 minutes at 
400° C. 

On the other hand, a flexfcle printed circuit board 20 

25 comprised of the transparent substrate 18 made of ,for 
example, a flexible plastic sheet, on which interconnec- 
tions 19 of the required circuit are formed, is prepared. 
This printed circuit board 20 is laid on the epitaxial sem- 
iconductor film 13 on which the insulating film 16 is 

30 formed, and they are bonded by a binder 21 which cs 
transparent and is rrrsiiative. At this time, the "intercon- 
nections 19 and the electrodes or interconnections 17, 
which should be connected to each other, are made to 
face each other and a solder is interposed between 

35 them so as to from the electrical connection (Fig. 13B). 
At this time, as the binder 21. one having a slightly 
, stronger strength than the separation strength of the 
porous layer is used. 

Next, an external force for separating the senwcon- 

40 ductor substrate 1 1 from the printed circuit board 20 is 
given. When performing this, the semiconductor sub- . 
strate 11 and the epitaxial semiconductor him 13 are 
separated at the fragile high porosity layer 12H of the 
porous layer 12 or the vicinity thereof. As a result, a thin 

<rs film semiconductor 23, having the epitaxial semicon- 
ductor film 13, ts obtained on the printed circuit board 20 
(Fig. HA). 

In this case, the porous layer 12 remains on the 
back surface of the thin film semiconductor 23. Silver 

so paste is coated on this back surface and a metal sheet 
is further bonded on the silver paste to constitute 
another back surface electrode 24. In this way. a solar 
cell having a thin film semiconductor 23 having a pVp" 
/n* structure is constituted on the printed drcurt board 

ss 20 (Fig. 14B). In this case, th metal electrode 24 acts 
also as a film protecting the device layer at the back sur- 
face of the solar cell. 

Note that the above Embodiment 14 shows a case 
where a solar ceO which can be similarly made flexible 
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is integrally formed on a flexible printed circuit board, 
but it fn also possible to adopt a structur where the 
solar cell is integrally formed on a rigid substrate such 
as a glass substrate. 

Next embodiments of the process for producing a 
thin film semiconductor or a solar cell, where the anodi- 
zation conditions /or forming particularly the high poros- 
ity layer of the porous layer serving as the separation 
layer are changed, will be explained. 

[Embodiment IS] 

The explanation win be made by referring to the 
process diagrams of Fig. 15 and fig. 16. In this case, 
similar to Ernbodiment 6, a semiconductor substrate 1 1 
made of single crystal Si doped with boron 6 and having 
a resistivity of for example 0.01 to 0.02 Ocm is prepared 
(Rg.lSA). 

For forming the porous layer in this s emi conductor 
substrate 11. an anodizing device of a double cell struc- 
ture explained referring to Fig. 1 was used and an elec- 
trolytic solution made of HFrCgHsOH = 1:1 was fated 
into both of the first and second ceils 1 A and 1B. Then, 
a current was passed between the Pt electrodes 3 A and 
38 immersed in the electrolytic solutions of the electro- 
lytic solution cells 1 A and IB by a DC current source 2. 

First a current was supplied with a current density 
of 1 mA/cm 2 for 8 minutes. In this way, a surface layer 
12$ of a tew porosity was formed (Rg. 15B). The cur- 
rent supply was stopped once, then a current was sup- 
plied with 7 mA/cm 2 for 8 minutes. In this way. an 
intermediate porosity layer 12M was formed (Fig. 15C). 
Further, the current supply was stopped once, then, in 
this embodiment, a current was supplied at 90 mA/cm 2 
for S seconds. By mis. a high porosity layer 12H was 
formed in the intermediate porosity layer 12M (Fig. 
1 50). After this, a current was supplied at 7 mA/cm 2 for 
8 minutes. In this way, a porous layer 12 comprising the 
surface layer 12S. the intermediate porosity layer 12M, 
and the Ngh porosity layer 12H is formed 

Thereafter, annealing similar to that in Embodiment 
2 was earned out and epitaxial growth of Si was carried 
out for 17 minutes on the porous layer 12 to form an epi- 
taxial semiconductor film 13 made of single crystal Si 
having a thickness of about 5 (fig. 16A). 

Then, an external force was given in a direction for 
separating the epitaxial semiconductor film 13 from the 
semiconductor substrate 11. When performing this, the 
epitaxial semiconductor film 13 is separated at the high 
porosity layer 12H or in the vicinity thereof, and the thin 
film semiconductor 23 is obtained (Fig. 16B). 

[Embodiment 16] 

The explanation will be made by referring to the 
process diagram of Fig. 17. In this case, similar to 
Embodiment 6. a semiconductor substrate 1 1 made of 
single crystal Si doped with boron B and having a resis- 
tivity of for example 0.01 to 0.02 ftan is prepared (Fig. 



17A). 

for forming the porous layer in this semiconductor 
substrate 1 1 . an ancdiang device of a double cell struc- 
ture explained referring to Fig. 1 was used and an elec- 

5 trolytic solution made of HFiC^HsOH = 1:1 was filled 
into both of the first and second cells 1 A and 1 B. Then, 
a current was passed between the Pt electrodes 3 A and 
3B immersed in the electrolytic solutions of the electro- 
lytic solution cells 1 A and 1 B by a DC current source Z 

w first, a current was supplied with a current density 
of 1 mA/cm 2 for 8 minutes. In this way. a surface layer 
12S of a low porosity was formed (fig. 17B). The cur- 
rent supply was stopped once, then a current was sup- 
plied at 7 mA/cm 2 for 8 minutes. In this way. an 

is intermediate porosity layer 12M was formed (Fig. 17Q. 
Further, the current supply was stopped once, then, in 
this embodiment, a current was supplied at 30 mA/cm 2 
'for 15 seconds. By this, a high porosity layer 12H was 
produced under the intermediate porosity layer 12M 

20 (fig. 17D). After this, a current was supplied at 7 
mA/cm 2 for 8 minutes. In this way. a porous layer 12 
comprising the surface layer 12S. the intermediate 
porosity layer 12M. and the high porosity layer 12H is 
formed. 

2S Thereafter, annealing similar to that in Embodiment 
2 was carried out Then, epitaxial growth of Si was car- 
ried out for 17 minutes on the porous layer 12 to form an 
epitaxial semiconductor (Dm 13 made of single crystal Si 
having a thickness of about 5 um (fig. 17E). 

so Then, an external force was given "m the direction 
for separating the epitaxial semiconductor fim 13 from 
the semiconductor substrate 1 1 . In this case, however, 
there were some cases where the epitaxial semicon- 
ductor film 13 could not always be separated from the 

35 semiconductor substrate 11 wen. 

[Embodiment 1 7] 

The explanation will be made by refemng to the 
<o process diagram of Fig. 18. In this case, similar to 
Embodiment 6. a semiconductor substrate 1 1 made of 
single crystal Si doped with boron B and having a resis- 
tivity of for example 0.01 to 0.02 Oon is prepared (fig. 
ISA). 

*s For forming the porous layer in this semiconductor 
substrate 11 . an anodizing device of a double cell struc- 
ture explained refening to fig. 1 was used and an elec- 
trolytic solution made of HFrCjHsOH = 1:1 was filled 
into both of the first and second cells 1A and IB. Then. 

so a current was passed between the Pt electrodes 3A and 
3B immersed in the electrolytic solutions of the electro- 
lytic solution cells 1 A and 1 B by a DC current source 2. 

first a current was supplied with, a current density 
of 1 mA/cm 2 for 8 minutes. In this way. a surface layer 

55 12S of low porosity was formed (fig. 18B). The current 
supply was stopped once, then a current was supplied 
with 7 mA/cm 2 tor 8 minutes. In this way. an intermedi- 
ate porosity layer 12M was formed (Fig. 18C). Further, 
the current supply was stopped once, th n. in this 
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embodiment a current was supplied at 60 mA/cnr for S 
seconds. By performing this, a high porosity layer 12H 
was respectively produced in the intermediate porosity 
layer 12M and beneath the irrtermecSate porosity layer 
12M. that is. at the interlace with the semiconductor s 
substrate 11 (Fig. 18D). After this, a current was sup- 
plied at 7 mAfcxn 2 for 8 minutes. In this way. a porous 
layer 12 comprising the surface layer 12S. the interme- 
diate porosity layer 12M. the high porosity layer 12H. 
the intermediate porosity layer 1 2M, and the high poros- w 
rry layer 12H is formed. 

Thereafter, annealing similar to that in Embodiment 
2 was earned out Epitaxial growth of Si was carried out 
for 17 minutes on the porous layer 12 to form an epitax- 
ial semiconductor film 13 made of angle crystal Si hav- is 
ing a thickness of about 5 urn (Fig. 18E). 

Then, an external force was given in a direction tor 
separating the epitaxial semiconductor film 13 from the 
serraconduaor substrate 1 1. When performing this, the 
epitaxial semiconductor fflm 13 is separated at either so 
high porosity layer 12H of the porous layer 12, and a 
thin film semiconductor made of the epitaxial semicon- 
ductor film 13 is obtained. 

As explained above, as apparent from Embodiment 
6 (Fig. 8). Ernbocfiment 15 (Fig. 15 and Fig. 16). Embed- 25 
iment 16 (Fig. 17). Errtxxfimerrt 17 (Fig. 18). and further 
Embodiment 5 {fig. 8). in the step for forming the high 
porosity layer 12H. the position of the high porosity layer 
1 2H changes according to the amount of current supply 
for the ancdzation and further the method of supply of 30 
the current For example, in a case where an electrolytic 
solution of the anodization of HFrCjHgOH = 1 :1 is used, 
if the current density is set to about 40 to 70 mA/cn 2 , by 
the selection of the current supply time, the high poros- 
ity layer 12H can be formed in the lowermost layer of the 35 
porous layer; that ts, at the interface of the semiconduc- 
tor substrate 1 1 where the porous layer is not produced, 
and in the high current range of from 90 mA/cm 2 to for 
example about 300 mA/cm 2 . it could be formed in the 
intermediate porosity layer 12M. Then, also in the high «o 
current range, when this current supply is made inter- 
mittent for a short time, ft can be formed in the interme- 
diate porosity layer 12M. It was confirmed that the 
position this high porosity layer could be selected 
according to design with a good reproducibility. «5 

Further ernbodiments of the process for producing 
the solar cell according to the present invention will be 
explained. 

[Embodiment 18] so 

In this embodiment, it is made easy to lead out the 
terminals from the electrodes on the light receiving side, 
that is. lead out the conductors. This will be explained by 
referring to Fig. n. Fig. 12. Ftg. 13 and Fig. 19. In this 55 
embodiment similar steps as those exptained by refer- 
ring to Figs. 11A to 11C. Figs. 12A and 12B. and Fig. 
13A of Embodiment 14 are employed. Further, in this 
errtbodimem, an epitaxial semiconductor film made of a 



p + /£7n* three-layer structure is formed by a similar 
process as that for Embodiment 12. Namely, a wafer- 
like semiconductor substrate 11 made of single crystal 
Si doped with boron B at a high concentration and hav- 
ing a relative resistance of for example 0.0 1 to 0.02 
Ocm was prepared. 

Next, in this case, an anodizing device of a double 
cell structure explained referring to Fig. 1 was used and 
an electrolytic solution made of HF:C 2 H 5 OH = 1:1 was 
filled into both of the first and second cells 1 A and 1 B. 
Then, a current was passed between the Pt electrodes 
3A and. 3B immersed in the electrolytic solutions of the 
electrolytic solution cells 1A and IB by a DC cunent 
source 2. 

First, a current was supplied with a current density 
of 1 mA/cm 2 for 6 minutes to form a surface layer 12$ 
(Fig. 11 A). The current supply was stopped once, then 
a current was supplied with a current density of 7 
mA/cm 2 for 8 minutes to form an intermediate porosity 
layer 12M (Rg. 11B). Further, the current supply was 
stopped once, then a current of 200 mA/cm 2 was sup- 
plied for 3 seconds. By performing this, a high porosity 
layer 12H was formed in the intermediate porosity layer 
1 2M (Fig. n C). In this way. a porous layer 1 2 comprised 
of the surface layer 12S, the Intermediate porosity layer 
12M. and the high porosity layer 12H is formed. 

After forming this porous layer 12, annealing is car- 
ried out in and H 2 atmosphere in a Si epitaxially growing 
device by a process similar to that explained by ref ening 
to Embodiment 2. When performing this, the surface 
layer 12S is made smooth and the strength near the 
interface of the intermediate porosity layer 12M and the 
high porosity layer 12H is weakened. 

Thereafter, in the Si epitaxial growing device in 
which the annealing was earned out. epitaxial growth 
using S"H 4 gas and BjHg gas was carried out under the 
normal pressure for 2 minutes to form a first epitaxial 
semiconductor layer 131 made of p* Si having a thick- 
ness of 0.5 um and doped with boron B to 10 19 
atoms/cm 3 . Next, the flow rate of the BgHg gas was 
changed and the Si epitaxial growth was carried out for 
17 minutes to form a second epitaxial semiconductor 
layer 132 made of p" Si having a thickness of 5 um and 
doped with boron B to 10 16 atoms/cm 3 . Further, PH3 
gas was supplied in place of the B^H 6 gas and the epi- 
taxial growth was carried out for 2 minutes to form a 
third epitaxial semiconductor layer 133 made by n" Si 
doped with phosphorus P to a high concentration of 
10 19 atoms/cm 3 . An epitaxial semiconductor film 13 
having a p*/p7n + structure comprising the first to third 
epitaxial semiconductor layers 131 to 133 was formed 
as a result (Fig. 12A). 

Next, in this embodiment, an Sr0 2 film, that is. a 
transparent insulating film 16. was formed on the epitax- 
ial semiconductor film 13 by surface thermal oxidation 
and was patterned by photolithography to form open- 
ings 1 6W for contact with the electrodes or interconnect 
ti ns (Fig. 128). The openings 16W can be formed in a 
parallel array of stripes extending in a direction orthogo- 
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rial to the sheet surface in th figure while maintaining a 
required interval between them. It is possible to reduce 
the production of earners at the interface and recombi- 
nation to a maximum extent by the Si0 2 film formed in 
this way. 5 

Next a metal film is vapor deposited over the entire 
surface and pattern etching is carried out by photoli- 
thography to form the electrodes or interconnections 1 7 
on the fight receiving surface side along the stripe-like 
openings 16W {Fig. 13A, Fig. 19A). This metal film jo 
forming the electrodes or intofoonnectioos 17 can be 
constituted by a multilayer film formed by successively 
vapor depositing for example a Ti film having a thick- 
ness of 30 nm. Pd having a thickness of 50 rm and Ag 
of a thictaiess of 100 nm and further applying Ag plating is 
on this. Thereafter, annealing ts carried out for 20 to 30 
minutes at 400° C. 

Next in this embodiment on the stripe-like elec- 
trodes or interconnections 17. conductors 41 , i.e., in this - 
embodiment metaJ wires, are respectively bonded 20 
along them. A transparent substrate 42 is bonded onto., 
this by a transparent binder 21 (Fig. 198). The bonding 
of the conductors 41 to the electrodes or interconnec- 
tions 17 can be by soldering. One or the other ends of 
these conductors 41 are respectively made longer than 25 
the electrodes or interconnections 1 7 and led outward. 

Thereafter, and external force is given for separat- 
ing the semiconductor substrate 1 1 and the transparent 
substrate 42 from each other. When performing this, the 
semiconductor substrate 1 1 and the epitaxial semi con- so 
ductor film 13 are separated at the fragile high porosity 
layer 12H or the vidrtty thereof, and a thin film semicon- 
ductor 23. to which the epitaxial semiconductor film 13 
is bonded, is obtained on the transparent substrate 42 
(Fig. 20A). 35 

In this case, the porous layer 12 remains on the 
back surface of the thin film semiconductor 23. Silver 
paste is coated on this back surface and a sheet of 
metal is further bonded with it to constitute another back 
surface electrode 24. In this way. a solar cell having a - *o 
thin f 1m semiconductor 23 having a pVpVn* structure is 
constituted on the printed circuit board 20 (Fig. 206). 
This metal electrode 24 acts also as a film protecting the 
device layer on the back surface of the solar cell. 

(n the solar cell formed in this way. despite the tact <s 
that the light receiving side electrodes or interconnec- 
tions 17 are covered by the transparent substrate 42. 
since the conductors 41 are used for the electrical lead 
out to the outsida electrical connection to the outside is 
easy. Further, since, for example, as in the above so 
embodiments, the conductors 41 are led out from a plu- 
rality of electrodes or interconnections 17 respectively 
brought into contact with the epitaxial semiconductor 
film 13, that is, the active portion of the solar cell, the 
number of serially connected resistors of the solar cell £5 
can be reduced. 

Further, since the conductors 41 are led to the out- 
side in this way. when a plurality of solar cells are con- 
nected to each other, they can be easily connected. 



40 

Next, an explanation will be made of a ernbodiment 
where a plurality of solar cells are connected t each 
other and arranged on a common substrate. 

[Embodtment 19] 

Process diagrams of this embodiment are given in 
Fig. 21 and Fig. 22, but the steps up to Fig. 19B of 
Embodiment 18 are the same as those of Embedment 
1 9, so an explanation of the steps up to this overlapping 
that of Embodiment 18 will be omitted. In Fig. 21 and 
Fig. 22, parts corresponding to those in Fig. 19 and Fig. 
20 are given the same references and overlapping 
explanations are omitted. 

In this efTfoodiment a plurality of semiconductor 
substrates 1 1 similar to that shown m Fig. 19B, that is, 
substrates where the porous layer 12 is formed on the 
surface, an epttaxal serraconductor film 13 having a 
p*/p7n* -structure is ^formed on this, the electrodes or 
interconnections 1 7. are brought into contact with prede- 
termined portions of this, and conductors 41 are bonded 
to this are prepared. These are bonded to a common 
transparent substrate 42 by a transparent binder 21 . In 
this case as well, the end portions of a plurality of con- 
ductors 41 are led from the semiconductor substrates 
1 1 to the outside (Fig. 21 A). 

Thereafter, an external force is given in a direction 
for separating the semiconductor substrates 1 1 and the 
common transparent substrate 42 from each other. 
When performing this, the semiconductor substrate 1 1 
and the epitaxial semiconductor film 1 3 are separated at 
the fragile high porosity layer 12H or the vicinity thereof 
and thin film semiconductors 23 made by epitaxial sem- 
iconductor fflms 13 are arranged on the crjmmon trans- 
parent substrate 42 (F ig . 21B). 

The porous layer 12 remains on each back surface 
of these thin film semiconductors 23. Silver paste is 
coated on each back surface and a metal sheet is fur- 
ther bonded to constitute another back surface elec* 
trode 24. in this way. the common transparent substrate 
42 has arranged on it a plurality of solar cell elements 3 
in each of which the active portion of the solar cell is 
formed by a thin film semiconductor 23 having a p*r]p7n* 
structure, a light receiving surface side electrode or 
interconnections 1 7 are formed, and an electrode 24 is 
formed on the back surface (Fig. 21C). 

Then, one end of a conductor 41 is soldered to 
each of the required electrodes 24 and an insulating 
material 43 such as resin is filled between the solar ceil 
elements to insulate them from each other (Fig. 22 A). In 
this case, the free ends of the conductors 4 1 on the light 
receiving surface side of the solar cell elements S which 
should be connected to each other are led to the outside 
of the insulating material 43. and the free ends are con- 
nected to the back surface electrodes 24 of for example 
adjoining solar cell elements S by sotder'mg etc. 

The free ends of the conductors 41, of the first 
stage and the last stage of the plurality of solar cell ele- 
ments 3 connected to each other, are led to the outside. 
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then a protective insulating layer 44 is applied by mold- 
ing etc in a manner to expose the transparent substrate 
42 sid and to cover the solar cell elements S. In this 
way. a solar ceil in which a plurality of solar cell le- 
merrts S are arranged on a common transparent sub- 
strate 42 and connected to each other in series is 
constituted (Fig. 226). It goes without saying that the 
incident light such as sunlight strikes this solar cell from 
the transparent substrate 42 side 

Note that in the above examples, the conductor 41 
is not limited to a metaJ wire. It is also passible to consti- 
tute the same by for example a metal strip etc. 

Further, it is possible to constitute the transparent 
substrate 42 by a rigid substrate such as a glass sub- 
strate or constitute the same by a flexible substrate 
made of a resin sheet Where rt is constituted by a flexi- 
ble substrate in this way. the entire solar cell can be con- 
stituted flexible.. 

When producing a solar cell in this way, regardless 
of the fact that -a transparent substrate is arranged on 
the fight receiving surface, the conductors can be led 
out from the electrodes 1 7. so it is possible to reduce die 
number of serially connected resistors. Also, the con- 
ductors are connected in a slate where they are formed 
on the semiconductor substrate 1 1 and are mechani- 
cally strong and stable before the separation of the thin 
film solar cell, therefore the connection can be reliably 
and easily carried out on a mass production basis. Fur- 
ther, a plurality of solar cells can be connected to each 
other easily by leading out the conductors in this way. 

In Fig. 21 and Fig. 22, only two solar cell elements 
S were shown, but it goes without saying that more than 
two solar cell elements can be arranged and connected. 

Further, in a solar cell, where the porous layer 12 
remains on the back surface of the thin film semicon- 
ductor, the porous layer 1 2 also has a high irnpurity con- 
centration when the semiconductor substrate 1 1 has a 
high impurity concentration. Thus there is sometimes 
the inconvenience that this porous layer 12 will absorb 
the light In this case, this porous layer 12 call be 
removed by for. example etching. Next, an explanation 
win be made oian ernbodiment of the process tor pro- 
ducing a light emitting diode according to the present 
invention. 

[Embodiment 20] 

The explanation will be made by referring to Fig. 25 
to Rg. 28. In this embodiment, a p-type Si single crystal 
semi co nductor substrate 1 1 was prepared (Fig. 2 5 A). 
The n-type impurity phosphorus was diffused in one 
main surface thereof to form an n-type semiconductor 
layer 101 (Fig.2SB). 

Using the anodizing device of Fig. 1 . under irradia- 
tion of light, a current of 50 mA/cm 2 was supplied for 30 
minutes to perform the anodization and thereby form a 
first high porosity layer 12H1 having a relatively high 
porosity in the surface of the semiconductor layer 101 
(Fig. 25C). Next without the irradiation of light anodiza- 



tion was performed by supplying a current of 7 mA/cm 2 
for 10 minutes to form an intermediate porosity layer 
12M to a depth traversing the sernconductor layer 101 
(Fig. 25D). Next similarly without irradiating fight, ancdi- 
5 zation was carried out at 200 mA/cm 2 for 7 seconds to 
form a second Ngh porosity layer 12H2 acting as the 
separation layer in the intermediate porosity layer 12M 
(Fig. 25E). 

On the high porosity layer 12H1 of the surface. 

io stripe-like electrodes 102 extending in a direction 
orthogonal to the sheet surface in for example Fig. 26 
were arranged in parallel by for example vapor deposi- 
tion of Au (Fig. 26A) and photolithographic patterning 
and etching to provide stripe-like electrodes 102. Other 

rs methods lor forming and attaching electrodes known to 
those skilled in this art may also be used. A transparent 
binder 103 was coated on the surface of the substrate 

I I on which the electrodes 102 were formed (Fig. 268) 
and a transparent substrate 104 was adhered on top 

20 (Rg. 26CJ. 

Next, using the second high porosity layer 12H2 as * 
the separation layer, the front surface side, to which the 
transparent substrate 104 of the semiconductor sub- 
strate 11 was bonded, was separated from the sub- 

25 strate 1 1 to constitute the light emitting diode substrate 

III (Rg. 26D). The substrate ill constituted in ftiis 
way has a p-n junction comprised of a p*type semicon- 
ductor layer 105 formed by the intermediate porosity 
layer 12M and a p-type Ngh porosity layer 12H1 formed 

so on the surface of the n-type semiconductor layer 101 
formed on ths. 

On the back surface (separation surface) of the 
substrate 111. similarly, stripe-like back surface elec- 
trodes 106 comprised for example of an Au vapor 

35 deposited layer are formed facing the stripe-like elec- 
trodes 102 (Fig. 27A). A transparent binder 103 is 
coated on the electrode 106-forming surface of the sub- 
strate 1 1 1(Fig. 27B) and a transparent substrate 104 is 
bonded (Rg. 27C). The substrate 111 is divided far 

40 every pair of electrodes 102 and 106 (Rg. 28A) to 
obtain the intended light emitting diodes 107 (Rg. 28B). 
The light emitting diode, i.e., so-called EL constituted in 
this way. emits light as indicated by an arrow in Rg. 288. 
The main light emitting portion becomes the high poros- 

<s rty layer 12H1 and has a high fight emitting efficiency: 
This is because the super lattice structure is constituted 
by the high porosity layer 12H1, the active surface of 
which being formed sufficiently thin. The above embod- 
iment shows a case where the semiconductor layer 101 

so is formed by the diffusion or impurities, but it is al9o pos- 
sible to form this by ion implantation of the impurities, or 
by an epitaxially grown semiconductor layer, solid 
phase growth. CVD (Chemical Vapor Deposition), etc. 
Further, the semiconductor layer 101 is not always 

55 formed on entire surface. It can be formed at predeter- 
mined parts by selective diffusion, ion implantation, etc. 
as well. Further, th semiconductor substrate 1 1 can be 
constituted as an n-type too. and the light emitting effi- 
ciency can be enhanced by using a high resistance sub- 
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strate. Further, when the substrate 1 11 is thermally 
oxidized in an oxygen atmosphere and then separated, 
a blue-shift of the emitted fight wavelength can be 
obtained. 

Note that, the above eranples showed a case 
where the semiconductor film 3 was peeled from the 
semiconductor substrate 1 1 by giving an external force 
tar separating them from each other, but it is also possi- 
ble to peel the semiconductor film 3 by supersonic wave 
vibration (ultrasonic irradiation) in certain cases. 

In the above examples, in the anodczation, peeling 
of the semiconductor film from the substrate may occur 
due to the supply of a larger current, the long time cur- 
rent supply, etc This Si wa£e is sometimes adhered to 
the electrolytic liquid cell. In this case, by taking the sub- 
strate 1 1 out and then filling fiuaronrtric acid into the cell 
in place of the electrolytic solution, the unnecessary 
semiconductor waste such as Si can be removed by 
etching. Further, the device tor performing the ancdiza- 
tion is not limited to the example or Fig. 2. A device 
immersing the semiconductor substrate in a single cell 
can also be used. 

According to the process the present invention, the 
porous layer is formed in the surface of the semiconduc- 
tor substrate and a semiconductor is epitaxial I y gown on 
this and then peeled, therefore the semiconductor sub- 
strate is consumed by only the thickness of the porous 
portion. After the formation and peeling of the epitaxial 
semiconductor film, it is possible to grind the surface of 
the semiconductor substrate and repeat the formation 
of the porous layer, the formation of the epitaxial semi- 
conductor film, and the peeling. Therefore, repeated 
use of the semiconductor substrate is possfcle. and 
therefore the semiconductor film can be cheaply pro- 
duced. Further, when the semiconductor substrate 
becomes thin due to the repeated use, this semiconduc- 
tor substrate per se can be used as the thin film semi- 
conductor, for example, used for production of a solar 
cell. Accordingly, the semiconductor substrate never 
becomes useless and can be used with almost no 
waste. This also.makes it possible to reduce the costs. 

Further, by epitaxially growings on a semiconductor 
substrate, reduced in thickness by production of thin film 
semiconductor or solar cell, a serraconckjctor, having a 
thickness corresponding to this reduction of thickness 
so as to repeatedly produce a thin frlm solar cell, perma- 
nent use of the same semiconductor substrate 
becomes possible and therefore solar cells call be pro- 
duced at a further lower cost and lower energy- 
Further, seconding to the process of the present 
invention, a method in which a support substrate such 
as a printed circuit board is bonded onto the epitaxial 
semiconductor film, the substrate and the epitaxial sem- 
iconductor film are intergrally joined, and then the sup- 
port substrate is peeled from the semiconductor 
substrate together with the epitaxial semiconduct rfilm. 
therefore the type of this substrate is not limited and a 
thin film single crystal or solar cell can be termed on a 
substrate which never was able to be considered by the 



conventional method in semiconductor technology, for 
example, metal plate, ceramic, glass, and resin. 

Further, where the method of merely epitaxially 
growing the semiconductor layer on a porous layer, hav- 

s ing a single porosity, is adopted, it is necessary to 
reduce the porosity of the porous layer which becomes 
the seeds of th crystal growth so as to enhance the 
crystal! inity of the semiconductor film, therefore, at ano- 
dization. it is necessary to lower the current density and 

to raise the HF mixing ratio of the electrolytic solution 
However, when the porosity is lowered in this way. the 
porous layer becomes hard, and the separation of the 
epitaxial semiconductor film becomes difficult. There- 
fore, when the current density is raised in the anodea- 

ts ton and the HF mixing ratio of the electrolytic solution is 
reduced so as to raise the porosity tor weakening the 
separation strength, the separation becomes easier, but 
the crystaJIinity of the epitaxial semiconductor film 
becomes extremely poor. However, as mentioned 

zo before, by forming a porous layer having two natures. 
Le., where the porosity of the surface part of the porous 4 
layer is made smaller and the porosity of the internal 
portion of the porous layer is larger, the epitaxial semi- 
conductor film can be formed well on the porous layer 

25 and in addition the epitaxial semiconductor film can be 
easily separated. For example, ft ts also possible to form 
porous layer which "ts so weak that it can be easily sep- 
arated by for example a supersonic wave. 

Further, in the high porosity layer to he formed as 

30 the a part of porous layer, the larger the porosity, the 
easier the peeling, but the strain is large and the influ-. 
ence thereof reaches up to the surface layer of the 
porous layer. For this reason, cracking sometimes 
occurs in the surface layer. Further, when performing 

3s the epitaxial growth, it becomes a cause inducing 
defects in the epitaxial semiconductor film. Contrary to 
this, as mentioned before, by forming an intermediate 
porosity layer having a slightly higher porosity than that 
of the surface layer between the layer having a very high 

«o porosity and the surface layer having a low porosity as a 
buffer layer for relieving the strain generated from these 
layers; an epitaxial semiconductor film which is easy to 
peel and has a good quality can be formed. 

Further, according to the present irverftion. in the 

45 anodization with a high cunent density, by intermittently 
passing the current the high porosity layer 12H can be 
formed in the porous layer at the bottom of the porous 
layer or the vicinity thereof, therefore the surface layer 
and the light porous layer, acting as the peeling layer, 

so can be spaced apart to the highest limit and therefore 
the buffer layer can be made thin, the thickness of the 
porous layer is reduced by that amount and the con- 
sumption of the semiconductor substrate can be 
reduced, thus it becomes possible to further lower the 

55 costs. 

Further, in the process of the present inventi n, in 
the anodization with a low current density, when the 
porosity of the buffer layer, to be formed between the 
surface layer and peeling layer, is gradually increased. 
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toward the internal portion by gradually increasing the 
Current, the function of the buffer layer can be further 
enhanced 

Further, by performing the ancdization in an elec- 
trolytic solution containing a mixture of hydrogen fluo- $ 
ride and ethanot or hydrogen fluoride and methanol, the 
porous layer can be easily formed. In this case, by 
changing the composition of this electrolytic solution 
also when changing the current density of the ancdiza- 
tion. the range of adjustment of porosity becomes fur- io 
ther larger. 

Further, generation of unevermess at the surtace of 
the porous layer becomes conspicuous due to irradia- 
tion of light during the ancdization and the crystalliniry of 
the epitaxial semiconductor fSm becomes poor, but in is 
the present invention, by performing the ancdization in a 
dark place, this unevenness can be reduced or avoided 
and an epitaxial se mico nductor film having a good crys- 
talfinrty can be formed. 

Further, by heating the porous layer in a hydrogen . zo 
gas atmosphere after formation, the surface of the sur- 
face layer of the porous layer becomes smooth and thus 
on epitaxial semkaxxJuctorfflrn having a good crystallin- . 
ity could be formed. Further, by thermally oxidizing the 
porous layer after formation and before the heating step 2S 
in the hydrogen gas atmosphere, the internal portion of 
the porous layer is oxidized and therefore even next 
annealing in hydrogen, it becomes hard to cause a large 
structural change in the porous layer and it becomes 
hard for the strain to transfer from the internal portion to so 
the surtace of the porous layer, and therefore an epitax- 
ial semjconductor film having a good crystaNinrty can be 
formed- 

Further, by using single crystal silicon as the semi- 
conductor substrate, a single crystal silicon thin plate to ss 
be used in a solar cell can be produced. Further, the 
semiconductor substrate doped with boron at a high 
concentration is made porous at the ancdization while 
maintaining the crystal state, therefore a good quaOty 
epitaxial semconductor film can pe formed. 4o 

Further, according to the pro ces s the present inven- 
tion, two or more semiconductor layers may be epitaxi- 
ally grown on the surface of the porous layer and for 
example solar cells etc. can be easily produced. 

Further, in the case where for example a solar cell <s 
is produced, by forming an insulating flm on the surface 
of thin mufti-layer epitaxial semiconductor film and fur* 
ther forming an electrode on this, the current can be led 
out from the epitaxial semiconductor film while reducing 
the generation of carriers and recombination, at the so 
interface with the epitaxial semiconductor film as much 
as possible. 

Further, according to The process of the present 
invention, by bonding a transparent printed orcuit board 
to the electrode surface of the solar cell, a substrate on ss 
which the interconnections of the circuit for the solar cell 
are formed and th solar cell can be integrally joined 
and the combination of a printed circuit board and thin 
film single crystal solar cell, which could never have 



been thought of in the field of semiconductor technology 
in past can be easily achieved. 

Further, in the solar cefl produced according to the 
present invention, for example the single crystal Si can 
be formed thin, that rs» flexible as the epitaxial semicon- 
ductor film, therefore a solar cell having a certain extent 
of flexibility can be obtained by the selection of the sup- 
port substrate etc. For this reason, it is possible to use 
the same for a window glass with solar ceils on the glass 
surface, the roof of a solar car, etc. 

Further, since a single crystal is excellent in opto- 
eJectric conversion efficiency, the amount ot electric 
power generated per unit area is better than conven- 
tional amorphous silicon. In addition, this can be pro- 
duced with low energy, therefore the time for energy 
recovery can be greatly shortened. 

According to the process for producing a thin flm 
semiconductor of the present invention explained 
above, a thin fflm serniconductor having a targe surface 
area and excellent crystaHinrty can be easily and inex- 
pensively produced. Further, according to the process 
for producing a solar cell of the present invention, a 
solar cell which has a large surface area, excellent crys- 
taffinrty, and sufficient thinness and accordingly high 
efficiency can be cheaply produced. Due to the reduc- 
tion of costs in this way. it is possfcie to shorten the time 
tor recovery of the energy. 

Claims 

1. A method for ma King a thin film semi-conductor 
comprising the steps of; 

providing a serri-conductor substrate having a 
surtace; 

anodizing the serni<x5nductor substrate to pro- 
vide a first porous layer adjacent the surface 
having a first porosity; 

anodizing the serrri -conductor substrate to pro- 
vide at least one second porous layer adjacent 
the first porous layer opposite the surface, each 
said second porous layer having a second 
porosity greater than said first porosity; 
forming a serra-conductor film on the first 
porous layer; and 

separating the semi-conductor film from the 
semi-conductor substrate along a line of rela- 
tive weakness defined in or adjacent one of 
said second porous layers. 

2. A method for making a thin film semi-conductor 
comprising the steps of: 

providing a semi-conductor substrate having a 
surface; 

anodizing the semi-conductor substrate at a 
first current density to provide a first porous 
layer adjacent the surface having a first poros- 
ity: 
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anodizing the semi-conductor substrate at a 
second current density higher than said first 
current density to provide a second porous 
layer adjac nt the. first porous layer opposite 
th surface, the second porous layer having a 5 
second porosity greater than the first porosrty; 
anodizing the semi<onductor substrate at a 
third current density higher than said second 
current density to provide a third porous layer in 
or adjacent the second porous layer, the third 10 
porous layer having a third porosity higher than 
said second porosrty: 

forming at least one semi -conductor film on the 
surface and first porous layer; and 
separating the semi-conductor film from the 75 
semi-conductor substrate along a fine of rela- 
tive weakness defined in the third porous layer 
or at or adjacent an interlace defined between 
said third porous layer and the second porous 
layer 20 

3. A method as defined in Claim 2, wherein in said 
anodizing steps, the semi-conductor substrate is 
contacted by an electrolytic solution and exposed to 
a flow of current at said first, second and third cur- 25 
rent density, respecfively. 

4* A method as defined in Claim 3, wherein the eJeo 
trolytic solution comprises hydrogen fluoride and a 
hydrocarbon alcohol. 30 

5. A method as defined in Claim 3, wherein in the ano- 
dizing steps, the electrolytic solution is the same 

6. A method as defined in Claim 3, wherein the eleo 3s 
trolytic solution used in the anodizing steps varies. 

7. A method as defined in Claim 2. further comprising 
the step of annealing the semi-conductor substrate 

in a hydrogen atmosphere after the third anodizing 40 
step ad before the forming step. 

8. A method as defined in Claim 7. further comprising 
the step of oxidizing the anodized substrate after 

the third anodizing step and before the hydrogen 45 
annealing step. 

9. A method as defined in Claim 2. wherein in the 
forming step frie semi-conductor film is eprtaxially 
grown. 50 

10. A method as defined in Claim 2. wherein the semi- 
conductor substrate is a single crystal silicon sub- 
strate. 



11. A method as defined in Claim 2. wherein the semi- 
conductor substrate is an impurity-doped semi-con- 
ductor substrate. 
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1 2. A method as defined in Claim 2. wherein, the s mi- 
conductor substrate is a compound semi-conductor 
substrate. 

13. A method as defined in Claim 2. further comprising 
the step of attaching a support substrate to the 
semi-conductor film after the forming step and 
before the separating step. 

14. A method as defined in Claim 13. wherein the sup- 
port substrate is a rigid substrate. 

15. A method as def ined in Claim 13, wherein the sup- 
port substrate is a flexible substrate. 

16. A method as defined in Claim 13, wherein the sup- 
port substrate is attached to the semi-conductor 
film by adhesive bonding. 

17. A method for mating a solar cell comprising the 
steps of: 

providing a semi-conductor substrate having a 
surface: 

forming a porous structure adjacent the surface 
of the substrate including a first porous layer 
adjacent the surface having a first porosity, a 
second porous layer adjacent the first porous 
layer opposite the surface having a second 
porosrty greater than said first porosrty and a 
third porous layer in or adjacent to the second 
porous layer having a third porosity greater 
than said second porosity; 
forming an eprtaxially grown thin film semi -con- 
ductor structure on the surface including at 
least one hetero junction: 
forming a SiO^ insulating layer on an exposed 
surface of the thin film semi-conductor struc- 
ture; 

patterning and etching the insulating layer to 
define holes; 

depositing a metal film on the insulating layer to 
form a metal film layer; 

patterning and etching the metal film layer to 
form electrodes disposed in the holes; 
attaching elongate conductors having at least 
one extending end portion to the electrodes; 
attaching a support substrate to the surface 
overlying the electrodes and conductors with a 
binder material; and 

thereafter, separating the thin film semi-con- 
ductor structure and support substrate from the 
semi-conductor substrate along a fine of rela- 
tive weakness defined in the third porous layer 
or at or adjacent an interface defined between 
said third porous layer and the second porous 
layer. 

1 8. A method for making a solar cell as defined in Claim 
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1 7, wherein the epitarially grown thin film semi-con- 
ductor structure comprises a p7p7n* thin film semi- 
conductor structure- 
IS. A method for making a solar ceil as defined in Claim s 
17 further comprising the step of applying a metal 
electrode to a surface of the separated thin film 
semi-conductor structure opposite the support sub- 
strate. 

10 

20. A method for making a soiar ceJI as defined in Claim 
1 7, wherein the support substrate comprises metal, 
glass, ceramic or polymer. 

21* A method for making a solar ceJI as defined in Claim is 
17, wherein the support substrate is a flexible sub- 
strata 

22. A method for making a solar cell as defined in Claim 
17, wherein the support substr at e and binder are 20 
transparent 

2Z. A method for mating a light emitting diode, com- 
prising the steps of: 

2S 

providing a single crystal semi-conductor sub- 
strate doped with a first type of irrpurity having 
a surface; 

introducing in second type of impurity into said 
surface to define a surface layer doped with a 20 
second type of impurity adjacent the surface 
anoofang the surface layer to define a first 
porous layer having a first porosity along a sur- 
face of the surface layer; 

anodiang the substrate to form a second 35 
porous layer adjacent the first porosity layer 
and traversing the surface layer, and having a 
second porosity less than said first porosity; 
anodiang the substrate to form a third porous 
layer-in the second porous layer, the third 40 
porous layer having a third porosity greater 
than the second porosity; 
providing a plurality of parallel spaced elec- 
trodes on said first porous layer; 
. attaching a transparent support substrate to «s 
the surface and electrodes with a transparent 
binder material; 

separating the second porous layer from the 
semi<»nductor substrate along a line of weak- 
ness defined in the third porous layer or at or so 
adjacent and interface defined between said 
second porous layer and the third porous layer 
to form a separated LED substrate; 
providing a like second plurality of parallel 
spaced electrodes on an exposed surface ot 55 
said second porous layer opposite the surtac 
layer, 

attaching a second transparent support sub- 
strate to the exposed surface and electrodes 



with a transparent binder material to form an 
LED assembly; and 

thereafter, subdividing the LED assembly 
between the spaced electrodes to define a plu- 
rality of LED devices. 

24. A method as defined the Claim 23. wherein the 
semiconductor substrate comprises a p-type impu- 
rity. 

25. A method as defined in Claim 24. wherein the sur- 
face layer comprises a n-type impurity. 
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